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LABORATORY INI-STIGATIO0.S AMD RESEARCH TOWAEMS TIM DVELOPM4ZINT
OF 3ICIML OADMIUM ALKALIJM STOALGE BATTERIES

1. FOREWORD

This progress report, the second following the annual report of
30 June 1947 covers the work of the period, Oct. 1, 1947 to Dec. 31, 1947.
The work of this period has carried forward the experimental survey and
has resulted in the accumulation of a large mass of data relating to
the science and technology of sintered plates. It has carried us forward
to the assembly of sintered plate batteries whose performance and life
will be determined during the remainder of the contract. Our present
knowledge, reflected by the experimental data which has been presented
prior to this report and in the present report, will enable the construction
of the required all sintered plate batteries. It has pointed to many
means of improving the batteries and the experiments have in many cases
defined the phenomenon occurring in alk.aline batteries.

The program, under the contract, is intended to culminate in
the manufacture of betweer 20 and 200 alkaline-type batteries with
sintered positive and negative plates, with the batteries to meet the
requirements of specification FLS5086, 3/17/46. It now appears that
there is a marked increase in interest in performances at high rates of
discharge and this may to a certain extent change the exact course of
the program. The experimental work has indicated up to this time that
for batteries with sintered plates and performances in the ordinary
ranges of 5, 8 and 20 hour rates can be carried by plates of either 2 or
4 mm, of thickness. The requirements up to this time have led us to
concentrate on the thicker plates since the evidence from the experi-
mental work showed a decided advantage in favor of the thicker plates
from several points of view.

The present report does not present a complete analysis of the
data amassed up to this time. In proceeding with the program, there
must be a constant thought of correlating what is done in the production
of sintered plaoues with the ultimate behaviour of a plate in the battery

and the properties of the prodTuct of the initial step must be evaluated

in terms of the final use. It is a natural consequence, therefore, that

ideas will be promulgated and transferred into actual experiments, often

before the guiding principles have been thoroughly established. It is

to be expected that these progress repo~rts will often represent a stage

in the evolution of a correct interpretation or what might be embodied. in



1. Foreword (Conte.)

the exp~ression of "thinking aloud." There is every intention of
presenting thorough and logical analyses of the accumulated data, though
many of the developments will supply seed for the desired further devel.
opment of highly efficient and rugged sintered plate alkaline batteries.

It has been indicated that the work under this developmental
contract has provided the background of fulfilling the specifications
of the battery on which it was based. The accumulation of data has
been made from the point of view of providing the necessary information
on which a plant for quantity production can be designed, The importance
of this background of information can not be overemphasized when one
analysed the difficulties encountered in the manufacture of sintered
plate batteries by A.F.A.G. There is an overwhelming tendency to
assume that the translation from laboratory operations to industrial
manufacturing was made with due disrespect an. disregard for the detailed
factual information which was developed and which seems to have been
destroyed in thew ake of the American invasion of Germany. In any
event, the German experience should teach the need for translating each
step in terms of the accumulated 3dboratory experience.

The corollary of the proposition that the translation of design
from laboratory to production unit be made on the basis of experlmental
data, is embodied in the principle that adequate means of controlling
the unit processes be provided., Need for this step is clearly apparent
from our stud.ies and experiences with light carbonyl powder. We now
have a definite picture of the requirements in the matter of the required
c 6ntrol and a greater effort should be devoted to the study of non-
destructive methods of testing. The need for such control in the present
instance may be accentuated by the use of batch processing, yet reference
to the technique and results of the Durac sLntering operation is a force-
ful reminder that the success of a large scale production may well be
a function of the methods of control applied to the manufacturing processes.

These considerations apply to the expansion of the operations to
the manufacturing scale. In the same way it is pcssible to project the
present findings into the future possibilities of recearoh. The res-dlts
of fundamental investigations can not always be predicted1 but it seEms
a safe bet to assume that a better understanding of the nature of the
nlckel-cadmium cell ad. the mechanism of the processes will lead to new

"2-



1. Yarelword. (Contd..)

and improved. batteries. It is a virgin field from the point of view of
the application of the newer tools and! theory of modern science.

As an example, the mystery surrounding the function of lithium
ion in the alkaline cell should not continue to baffle us and remain a
purely empirical phenomenon. The clues are in the chemical and physical
characteristics of the lithium ion and its interaction with other com-,
ponents of the system. If the effect is purely one of diffusion and the
related hydrodynamical effects of lithium ion, the vast field of organic
cations should yield. one of characteristics reproducing the effect of
the lithium ion. This would establish a wedge into the closed book of
explaining the action in reasonable terms and then predicting the course
of events under less favorable conditions and thus opening the road to
improvement.

Or, let us look into the mechanism of the vacuum impregnation
process. To date we assum.e that each successive vacuum impregnation of
nickel plagues precipitates lesser amounts of active masses in the pores
of the plaque because of some difficulty in reaching all of the pores
with solution, despite the vacuum treatment. The experiments with porous
graphite plates gives some credence to this explanation provided that it
is assumed that the pores are smaller than a certain size. On the other
hand., we know little about the possibilities of a resolution of previously
precipitated active mass in the strong nickel and cadmium nitrate solutions,
in which range soluble basic compounds can exist even if only in a
metastabile state. Here we might easily visualize the application of
isotope tracer technique to evaluate the chemistry of the process.

Illustrations may be added up to a large number. The present
work is concerned in examining such possibilities for the future possibili-
ties for development and expansion of an item like the nickel-cadmium
battery are often closely linked. with an intelligent appraisal of the
field of research and "room"' for improvement. There is a certainty that
the field is rich in its possible development. It may be likened to the
favorable geological Indications for tabulating uprobable" ore reserves,
awaiting development and mining.

'-3-



2. PURPOSE

This progress report covering the lusixth quarter under the contract
gives a resume of the work on sintering light carbonyl nickel powder to
produce porous plaques, the impregnation of the porous plaques with nickel
or cadmium nitrate solutions to produce positive or negative plates,
and on the testing of such plates in cells to determine capacity and
behaviour. The work continues along certain lines of exploration but
sufficient experimental data is presented to show that a satisfactory
state of progress has been reached with regard to the objectives of the
program and the contract.

3. STUITARY

a. A total of 383 plaques were sintered of which 130 were S plaques,
10.5 sq. in. in area, prepared in the 3.6 x 3.0 inch two-piece form and
of which the balance were prepared in the three-piece M4 forms, mainly
with an area of 14 sq. in. The compacts were assembled in the manner
previously described and sintered under the usual conditions in a pro-
tective gas atmosphere.

b. The placues were made from light carbonyl powder using a series
of 5 lbs. samples, labeled 3-1 to B-10, receiv -I from International
Nickel Co,, and from the first large batch of 1000 lbs. received from
this company. These powders showed a variation in apparent density,
determined with the Scott volometer, from 0,46 to 0.88. The apparent
density of the powder pached into the form, correctel for the grid weight
and volume, was higher by an average ratio of 1.37. This increase in
apparent density with the gentle handling of the powder in making the
compacts may be an important factor in controlling the percentage shrink-
age on sintering.

c. The percentage shrinkage in thicknoss on sintering of the light
carbonyl nickel powders has shovn a steady decrease in the series of
powders which have been made available. Expressed in terms of the ratio
of form or compact thickness to final plaque thickness, the shrinkage has
varied from 1.48 to 1.23. This approaches the figure reported in German
practice, although one German nickel powder showed an appreciably lower
shrinkage, Vcr a given powder, such as Intornational Nickel Coto B
series, it appears that shrinkage in thickness on sintering of compacts
decreases with increasing apparent density.

d. The B series of powders has the bulk, 92 to 95%, of its particles
in sizes smaller than 325 mesh (44 microns.). The aggregate or effective
particle size and shape appears to be a function of treatment and envir-
onment, carrying the work into a field where quantitative relationships
are complex and ill-defined at the moment.



3. Summary (Cont&.).

e. Plaques of increased area have been made by increasing prin-
cipally the height of the plaque originally designed for the M'SL 5086
battery, to permit an increase in capacity of the battery. The dimensions
had been based on prior experience with pocket-type nickcel cadmium alkaline
batteries.

f. Change from, the two-piece to the three-piece form for sintering
compacts resulted in an appreciable incroase in the weight of the form
thereby necessitating a change in sintering conditions to produce plaques
of the desired thickness. Auxiliary physical tests such as hardness
or electrical resistance, particularly non-destructive testing, is desir-
able to permit exact comparison of plaques of different dimensions.

g. The effect of time of sintering at one minute intervals from
3 to 15 minutes was studied for the two fCorms. The shrinkage curves were
parallel and did not reach a steady state within the time limit proscribed
for these tests.

h, Exoeriments with thin rolled and electroforred nickel sheet grids
indicate that satisfactory plaques of the required l;csity and flatness
can be made by allowing a sufficient space for expansion of the grid
in the form cavity. This item appears to be of importance in the design
of grids without a re-enforcing heavy frame although on the latter case
it is postulated that the failure to allow for expansion of the frame
during the sintering process may well be responsible for residual stress
which exerts its effect in the subsequent electrochemical behaviour.

i, Experiments with thin pro-sintered carbony! nickel grils failed
in providing an improved degree of adhesion between the sintered powder
and the grid. The absence of any tendency for carbonyl nickel powder
to adhere to prepared surfaces is in marked contrast to experiences in
the decomposition of nickel carbonyl.

j. The origin of crachs in plaques, madqevident on sintering com-
pacts of carbonyl nickel powder, are discussed, The cracks are apparently
of little or no effect on the ultimate electrochemical characteristics
of the finished plates.

k. N~o further work has been carried on with copper powders since
the accumulated evidence favors the possibility that difficulties encount-
ered in the German negative plates are a result of the use of copper in
the negative plates.

1. Impregnation of plaques with cadmium nitrate solution to produce
negative plates has been shown to result in approximately the same loading
at atmospheric pressure as by the multiple vacuum procedure, The weight
gain in the first impregnation cycle by the atmospheric procedlure exceeds
the weight gain for a similar vacuum impregnation.



3. Summary (Oontd.)

m. For the normal solution concentrations, increase in the temper-
ature at whi.ch atmospheric impregnation is made, decreases the weight
gain for both positive and. negative plates.

n. The impregnation process is characterized by a recurrent cycle
of gas evolution under the conditions of atmospheric impregnation. This
phenomenon probably accounts for the variation in weight gain as a function
of the immersion poriod.

o. Impregnation of plaques with nickel nitrate solution to produce
positive plates at atmospheric pressure results in a higher weight gain
in a single cycle for periods of one hour or more than in the corresponding
vacuum treatment. The small irregular increase in weight gain with in-
creased time bey-ond one hour offers no advantage judging solely by
theoretical capacities. Multiple cycles of impregnation at atmospheric
pressure result in theoretical capacities of the same order of magnitude
as obtained with multiple vacuum impregnations.

p. M4alntenance of constant acidity during the impregnation process
at atmospheric pressure does not enhance the theoretical capacity, and
actually showed a slight decrease over comparable tests in which the
initial acidity was allowed to change naturally.

q. Vaouum impregnations for multiple cycles shows higher theoretical
capscities for the negative plates over positive plates, of the order of
magnitude of 2:1. On four cycles of impregnation. the positive plates
show that about 3l% of the pore volume ef the plaques is occupied by
active masse

r. Multiple vacuum impregnations of a series of plates sintered
for times varying from 5 to 15 minutes shoe;ed a constant theoretical
capacity based on pore volume, narmely 1.27 grams of niokelous hydroxide
per cubic centimeter of pore volume,

s. Multiple vacuum imprognation of macroporous graphite plates with
pore diameters varying: from 33 to 140 microns shoved an approximately
constant gain per impregnation for plates with pore diameters of 48
microns or over. The plate with a pore diameter of 33 microns showed a
continual sharp decrease in theoretical capacity in successive impreg-
nations. The net gain in theoretical capacity varied, and was less than
with nickel plates.

-.6-
(contd. on 6a)



3. Summary (ConteL.)

t. Experiments were carried out using lithium hydroxide el3ctrclyte
for the cathodic polarization of both positive and negative plates.
There was no abnormal increase in weight showing the absence of a direct
combination of lithium ion with the active masses.

u. Pore volumes calculated from the volume of active mass and the
moisture content after each impregnation were found to be slightly lower
than the values calculated from measurements of the placues. The dis-
crepancy may be due to the difference in density of the precipitated
mass from that of the crystalline hydroxides.

v. The testing of individual plates for electrical capacity is
discussed and the inauguration of a programu for changing the testing pro-
cedure is shown to be in order. Variations in capacity found in a series
of tests of a given plate are noted in tests on cells made up of pocket
type positive and negative plates.

w. Positive plates impregnated in a single cycle in strong nickel
nitrate solution at elevated temperature and atmospheric pressure showed
capacities close to the value reported for Dfurac positive plates and. gives
rise to the possibilities of developing a single step inpregnation
procedurc.

x. Multiple atmcspheric impregnation of positive and negative
plaques at room temperature yields p'ates vhioh show capacities at co-
efficients of utilization approximately the same as for plates preoared
by multiple vacuum im,-regnation. The capacities found for the plates
prepared by multiple atmospheric impregnations are slightly lower than
the plates prepared by multiple vacuum impregnations. The relationships
permit the evaluation of impregnation processes on the basis of theo-
retical capacities.

-6a-



4 1 'D _s OUsS : "S -
4. psinters:n!

(1) Light Carbonyl Nickel Powder. Carbonyl nickel powders, pri.

duced. by the thermal decomposition of gaseous nickel carbonyl and con-

sisting substantially of pure nickel metal, may be subdivided into

two classifica.tions. These classifications have been conveniently re-

ferred, to as heavy and liht in deference to the determinations of the

apparent (bulk) density which has been the principal method of character--

ization of the powders. The heavy powders fall into a range of

densities from 2 to 2o5 and yield plaques, on sintering for 10 minutes

at 1500OF-18000F, having a porosity of about 65% by volume. The light

powderq fall into a range of densities from 0.5 to 1.1 and yield plaques,

sintered under conditions similar to the above-mentioned conditions,

having a porosity of 75 to 851 by volume. The inherent advantage in

weight saving by using the light powder is so great and so important that

work has been concentrate4 on this type of powder,

The light powdier for this program, except for several very smai.

samples, has originated in England and has until recently with the

receipt of a 1,000 lb. batch, consisted of small shipmento aggregating up

to 15 lbs. but generally designated with batch n-ubers for each 5 lbs.

The light carbonyl powders which have been received to date have varied

in apparent density. This property has been determined for all of the

powders with a Scott Volumeter, an apparatus used. for the determination

of the apparent density of pigments used in the paint industry (7a).

This method yields an arbitrary but reproducible figure which is lower

than the apparent density of the powder in the form, calculated from the

weight of powder, volume of the form, and corrected for the volume and

weight of the grid. The ratio of these two apparent densities is found

to be from 1.3 to 1.45. The data have been assembled in Table No. 1.

The variation in the appare4t densities of the light carbonyl

powders which have been described in Table No. I does not reflect any

easily detected difference in the capabi34ty for sintering. From all

superficial appearances, the plaques prod-ced are entirely satisfactory

and possess a porosity from 75 to 85/, depending ma5 nly on the weight and

volume of the grid. The variation, however, poses a problem for a

manufacturing process, when the various factors are extrapolated to the

usual expected pz'actice in American methods of mechanisation.



4. Discussion: a. Sintering (Contd.)

Table No. 1

Light Carbonyl Nickel Powders
Description & Apparent Densities

Powder Description Amount Apparent Density Ratio
No. Received 9/cc "

lbs. Scott rn
Volumeter Forms

P-l0 I.G.Farben A.G. (Fort Monmouth) small 0.85 nd
P-12 Inco KIG- AFA type small 0.59 0.82(1) 1.39P-13 K IG-2 V ncL 0.87(l)

P-15 " KIG-3 3/4 0.62 0.88(1) 1.42
P-17 " KIG-2 small 0.63 0.85(2) 1.35
P-19 H KIG- AFA type 3 * 0.66 0.89(2) 1.35
P-21 3 3-1 5 * (0.53 (0.71 1.34

"ft it B-2 5* ( (
P-21-1 11 3-3 5 * 0.67 0.80 1.20
P-21-2 " B-4 5 * 0.50 nd

I, B-7 5 * 0.48 nd
"I" B-8 5 * 0.48 nd
I It B-9 5* 0.46 nd

P-21-3 " 3-10 5 * 0.64 0.89 1.39
P-22 I.G.Farben A.G. (Carl Berg) 1932 small 0.92 nd.
P-23-1 Inco B-85, representative of 1000 lbs. 0.79 nd
P-23-2 it It Out Sample 250# 0.78 1.06 1.36

n it It Grab " " 0.88 nd

P-23-5 " i " I H 0.88 "
P-23-6 " I it H It 0.73 "1
P-23-7 " " I if 0.70 I

Notes * All these samples screened through 200 mesh (dry)
(1) Table No. 1, p. 10 Ref 7(b)
(2) It it " p. 6 1! 7(c)
(3) Values of apparent density by Scott Volumeter for P-19 and

P-21-2 (B-7) were checked to within 0.01 unit by two independent
laboratories.



4. Discussion= .a Sinteri~ n (Contd.)

In the present studies, the procedure of making a compact, as pre,-
viously described, in the Progress Reports, consists in filling a graphite
form with powder and a grid. The form consists of two or three graphite
parts, but in either case the thickness of the form is fixed. It has
also been shown that the use of a grid. restricts the principal shrinkage
on sintering of the compact to the dimension of the thickness. The pro-
duction of plaques from these various nickel powders has shown a varia-.
tion in the shrinkage in thickness. This is clearly illustrated by the
data of Tc.ble No. 2; the first five plates represent samples taken from
the 1000 lb. batch of powder while the other figures are representative
averages based on the data presented in Tables I-XIII. The values for
the shrinkage have been exressed in terms of the ratio, form thickness
to plate thickness, which is the desirable figure for design purposes.

A variation in the shrinkage creates the problem of correcting for
this property in the handling of various lots of powder unless the
eventual powder manufacturing process can be controlled within the desired
limits, At the moment, the safe approach will be to assume that limits
of variation will be of the order of magnitude indicated in the table,
and to consider the possibilities by which the process can be brought
within the tolerances reauired for plates, with due consideration to their
final assembly into batteries. There are a number of simple methods,
such as shaping the plaque before or after impregnation, adjustment of the
spacer piece of the mold. for various powder characteristics, and blending
of relatively large batches on a laboratory-controlled schedule. Each
approach has its merits and any final decision would be determined to a
large extent by considerations of cost.

It is apparont from the overall picture that the shrinkage in thick-
ness of the carbonyl nickel powder has been gradually diminishing for like
preparations and conditions, and has been approaching the value of 1.20
calculated from the data on German practice (Ref 7(d)). The Germans had
apparently succeeded in preparing powders of even lower shrinkage, judging
by the behaviour of sample P-22 (Table No. 2, VII) which represents a
powder given to Mr. C. Berg in 1932 by officials of the I. G. Parbenind A.G.
The important problem now reduces to an evaluation of the property which
controls the shrinkage. The theory of powder metallurgy directs primary
attention to particle size, distribution Qf particle size, ultimate

-9-



4. Discussionz a. Sintering_(0ontd.)

Table No. 2

Shrinkage in Thickness of Various Powders

Powder No. Apparent Density Shrinkage
g/2c Ratio,

Scott In Ratio Form Thickness:
V ol-meter Form Plaoue Thickness

P23-1 0.79 1.14 1.44 1.34
P23-2 0.88 1.12 1.28 1.23
P23-5 0o88 1.12 1.28 1.29
"P"23-6 0-73 0.99 1.36 1.29
P23-7' 0,70 0.94 1.34 1.30
P21 0.53 0.71 1.34 1.48
P21-1- 0.67 0.80 1.20 1.42
P 21-2 0.50 1.43
P22 0.92 1.05

-10-.



4. Discussio-na a. S rn( nc~

particle shape, and aggregate shauie. Available information indicates tbat
the particle , r'age :neasurw'ed oy the accepted methods (sedimentation,
electron ,..rosco-py. etc) wil be in the subsieve sizes. That the bulk

of the light capr.3:yl :.,ke'I, pm.d.ers lies in this range is confirmed by
the screen an.alyses of Tab] e 'No, 3. In addition, several tests have shown
from 2.0 to 2.8"% by weight of the total to be minus 200 plus 325 mesh, so
that from 92 to 9" / of the powder can be considered as being minus 325
mesh in size.

It would appear to be self-,evident that the range of properties to
be determined. has passed to the realm of instrumental analysis, requiring
research witn devices beyond the range of the usual developmental depart-
ments,. :A--t, e expaoration is highly desirable so that the fundamental
facts are clearly defined and thinking is properly oriented. Several
observations on the rualitative behaviour of carbonyl nickel powder would
indicate that the extension of research will involve some fundamental
studies, concerning which our present day science has not yet clearly de-
fined the active forces and their moae of action.

When nickel powder is moved and levelled gently in a form, it is

clear from the figures in Table X). 1 that there is an increase in the
packing which appears to be about 35' greater than that attained in a
free fall. It is extremely difficult to visualize this efiect simply on
the basis of a difference in the arrangement of particles except for the
postulation of a tendency for the particles to bridge and arch on impact
from a free fall and the ready breaking-up of such bridges by even gentle
levelling. If this is the case, the experimental'procediure should be con-
centrated on the mechanics of packing and working powder into a compact.

It has also been observed that green compacts tend to form cracks
when the form is jarred in any manner. An Irregular line of division
forms; this line may be microscopic in its breadth and barely visible
along its length to the eye. There appears to be no satisfactory mechani-
cal means for repairing such an incipient crack which increases in width
on sintering and when suujh a crack hrs been suspected by the operator, it

has been found necessary to empty an-7 re-pack the form with powder to

eliminate the crack.
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Table No. 3

Screen Analyses of Light Carbonyl Nickel Powder

Powder Description Screen Analysis
No. Plus Minus 80 Minus

80 mesh Plus 200 200
Ind Ind. ,um Ind Cum

P21 0.2 0.4 0.6 99.4 100.0
P21-2 B4 0.13 0.9 1.0 99.0 100.0

" B7 0.11 1.4 1.5 98.5 100.0
"B8 0.15 1.1 1.2 98.8 100.0
"B9 0.14 1.6 1.7 98.3 100.0

P21-3 BlO 0.15 1.4 1.5 98.5 100.0
P23-2 Cut Sample 0.30 1.1 1.4 98.6 100.0
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On the other hand, these effects may also be inherent to the par-
ticular combination of aggregate sizes and shapes, which are actually
produced in transferring the powder to the form. In the case of the
present method. of handling the powder, gas (residual carbon monoxide,
air) may be considered as the dispersing medium. The effect of adsorbed
films in the case of carbonyl nickel owder has been demonstrated in the
range of temperature from 200 to 300 C (Ref. 7 e) but not at ordinary
temperptures, and no work is aVailable to explain its role at ordinary
temperatures in processes such as compact absembly by methods similar to
the one in use. When carbonyl nickel powdet is suspended in water, it
acts as a powder with a patticle size much greater- than has been estab-
lished by election photomicrographs, and to date no wetting agent has
beers founA.d which disperses the aggregates and thus reduces the tendency
of 'he vickel. particles bo form aggregates. Thus, the matter of the
actual partio!.e ý,Lze condition of carbonyl nickel powder becomes a matter
related to its enviromanent and previous history.

This approach toj the problem has indicated to us that the normal
goal of research, instigating the establishment of basic knowledge and of
a nuantitative point of view must be supplemented by empirical experi-
mentation.. The arena of factual data must be supplemented by further re-
lated observations, such as of the effect of the addition to carbonyl
nickel powder of substances of diverse particulate forms and sizes, and
of varying surface--active behavioitr. Orienting experiments of this nature
Are underway with interesting prospects, especially with regard to main-
taining a constant shrinkage and decreasing the weight of the plaque in
terms of the ultimate ampere-hour capacity per unit volume while maintain-
ing a constant high porosity. It is believed that the indicated direction
of the work should not be determined as conclusive and worthy of presenta-
tion until the planues have been impregnated with active mass and tested
for capacity and life.

(2) Routine Production of Plaaues

For the study of the impregnation and electrolysis processes, the
assembly of batteries, and the testing of cells, it is desirable to have
plaques of reasonably constant properties, including porosity. A large
number of plaques were made during the period covered by this report,
including the 10.5 so. in. plaques made in the two piece form with a 3.6
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by 3.0 inch cavity, 1/8 or 1/4 inch deep, as described in the previous
reports. The data for these plaques are summarized in Tables I, II, and
VI.

Our previous studies have indicated that there was a possibility
of increasing the size of the plate over the earlier projected size
without undue detrimental effects upon the life and general behaviour on
charging and discharging batteries assembled from the bigger plates. The
earlier size was based on the empirical design features incorporated into
the design of Nicad and Alcad cells representing design evaluated on
the basis of years of experience.

To r.hack the effect of plate height and freeboard in the battery,
especially at high charging rates, three plate heights were selected
for study. A new three-piece graphite form was designed incorporating
top and bottom pieces and a center spacer thereby permitting the future
substitution of spacers in various thicknesses for the same top and
bottom pieces for various plate thicknesses. The faces of the top and
bottom pieces which were in contact with the powder and formed the top
and bottom sides of the form cavýity were provided with projections for

the purpose of forming grooves in the plaque. These grooves, in the
vertical direction of the plaque, were incorporated to hold the rod-like
separators tn place in the assembly of a battery.

With this assembly, the bottom piece and the spacer plate, lacked
into place by the close fit of the projecting rectangular boss on the
bottom piece, formed the cavity into which powder and grid were placed
in the usual manner. The cavity is deeper than required and filling is
accomplished to the desired level by means of calibrated. scrapers. The
top piece is placed into position, bringing about a slight compression
of the powder at the positions of the vertical projections (forming the
grooves on sintering). To eliminate inequalities due to this procedure
and especially to eliminate incipient cracking which was noted on sinter-
ing, the process of turning each form over after assembly of the compact
was adopted;. This practice has been found to provide grooves of the
desirable sharpness on both sides and to eliminate to a high degree, the
tendency for the formation of cracks in the plaques on sintering. In
conjunuction with this step it was found desirable to level off the powder
on the top surface at the theoretical depth of powder provided in the
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design of the form. With thinner sections, the groove outlines tended to
be less sharp, and to broaden out. With thicker sections, there was an
increased localised compression which it is believed to lead. to cracking
of plates and to create unequal stress distribution which could be a
factor in plate behaviour in the subsequent treatment and in use.

The plaque sizes have been designated by the sizes FIM-1, PV.-2, and
FM-3 in the order of increasing area, namely 10.7, 12.5, and 14 sq. in.
The data are assembled in*Tables VII, VIII, IX, and XII,

In con:nection with making these plates, it was found in the first
experiments that the plaque thicknesses, basel on the previously estab-
lished shrink-ge in thickness for the various powders and the two-piece
3.6 x 3.0 inch form, were greater than the desired 11/64 inch (4.37mm).
The first reaction to this condition was embodied in the fact that the
new three-piece forms were heavier than the two-piece forms formerly in
use, thereby bringing about a lower final temperature in the same time
period than with the two-piece forms. The weights of the two-piece and
three-piece forms were 1155 and 1819 grams, respectively. Raising the
initial temperature of the furnace improved the end result but the heat
capacity of the furna-ce is insufficient to overcome the increase in weight
of the form, and the rate of recovery of the furr=ce temperature is ap-
proximately fixed at a rate which is constant in the high temperature
range of the furnace. Due to a delay in obtaining a supply of one inch
graphite plates of suitable cuality, it was deemed expedient to increase
the time of sintering in the furnace.

In making the R-1-3 plates, of which the greatest number were made,
it was found that after about thirty uses, the spacer showed signs of
wear around the upper portion due to the repeated rubbing with the brass
scrapers. To overcome this, a steel plate was made to fit over the
graphite spacer and this tendency for rapid wear has been overcome. At
the same time, the operators became aware of the need to avoid vigorous
brushing of the graphite forms in cleaning the form. The wearing of the
spacer was accompanied by the formation of cracks at the edges of the
plates.
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(3) Effect of time on sintering.

The experience in making the FM size of plaques, described above,
led to an investigation of the effect of time within a narrow range.
Table V, parts I to 4, summarizes the data for the S series, 10.5 sq. in.
plaques, in duplicate at sintering times at one minute intervals.from
3 to 15 minutes. Table No. XI summarizes the data for the FI-3 series,
14 so. in. plaques at sintering times from 5 to 15 minutes at one minute
intervals.

The shrinkage curves, plotting percent shrinkage as a function of
time are represented by two approximately parallel curves with straight
sections in the middle portions. Extrapolation to zero sintering time
indicates that about one to two minutes are required for sintering the
S plaques wW.J~e at least three minutes are necessary for the FM-3 plaques.
The values for the shrinkage of the S placates at the longer intervals are
extremely scattered, indicative of a secondary effect for times longer
than ten minutes.

The translation of the data for one size of plate to another will
renuire further physical characterization- r..h. rerman practice included
a hardness determination on a special machine. Checks with the standard
Rockwell testing apparatus indicated that plaaues sintered for different
times could be distinguished but that the dents were made by the adjust-
ing mechanism operating on only 6 Kg spring pressure. Other available
machines for hardness testing such as the Baby Brinell are being in-
v~stigated. An attempt to use the A.S.T.M. penetrometer also failed,
probably due to use of a needle as the penetrating medium.

In applying other physical tests which would be suitable for control
purposes, consideration must be given to the probable role of the grid in
determining charaQteristic values. This would be true in determinations
of tensile strength, etc., as well as possibly in the determination of
magnetic properties or electrical resistance. The latter has been favored
in our considerations with a view to the development and evaluation of a
non-destructive test which would indicate conformation to a standardised
product. Such a goal is highly desirable in view of the general reports
on the reputed difficultiet encountered in German practice with sintered
plates. (Reference 7d, 7f, 7g, 7h). The detailed description of their
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sintering technique never fails to awe one in the possibilities in the
evident lack of reproducibility just in the sintering operation. It is
believed, that the method of piling stacks of compacts with variations in
the use of magnesia or graphite plates could hardly lead to reproducible
and even sintering. This point is well illustrated by the difference in
behaviour shown by compacts of approximately the same size, as shown by
the comparison of the tables cited in this section as well as in a com-
parison of the FM-1 and S plates.

It has appeared to date from available information that the correct
degree of sintering is important and that positive plates made from
plaques which are too "soft" tend to crumble on use whereas those plates
which are too "hard" tend to blister (Ref. 7(d), 7(f), 7(g), 7(h).
Occasional plates have been found to show blistering on test and in the
few cases in which this has been noted, it was found within the formation
cycle or immediately thereafter. Two or three plates, whose behaviour
indicated crwmbling, were sintered under the same conditions as many
others which showed no adverse characteristics and it is believed that
the other conditions having to do with impregnating and. formation pro-
cedure were the responsible factors.

The lack of definition in assessing the qualities of a satisfactory
placue for a given procedure of introducing active mass makes it impera-
tive to evaluate the sintering process in the effect of time. Plaques
sintered under this closely similar condition are being saved for
qualifying tests rand multiplicates are being impregnated and subjected
to capacity tests to determine behaviour under standard battery condi-
tions. "

(4) Perforated Plate Grids.

It was previously reported (Ref. 7 i) that grids of electroformed
sheet nickel, perforated or solid, were unsatisfactory, in contrast to
the behaviour of perforated rolled sheet, 0.021 inch in thickness. A
series of grids with attached lugs having 3/8 inch perforations were
cut out of rolled sheet, "A&I nickel, of 0.005, 0.010, and 0.015 inch
thickness, and of International Nickel Go. electroformed sheet, 0.005
inch in thickness. The results of tests using these grids are summarized
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in Table No. III. All of the plaques made were satisfactory, and ap-
peared to be as good as could be made by sintering.

It was, therefore, decided to rechieck the previous electroformed
grids, having the one-half inch perforations. The size of the grid was
cut down to allow a clearance of 3/32 to 1/8 inch around all sides in
relation to the walls of the form. These plaques sintered as satisfac-
torily as those above. The reason for the change from unsatisfactory to
good plaques in this case appears to be due to the increased allowance
for lateral expansion of the grid during the sintering process. The
previously estimated expansion of the grid, based on the known character-
istics of massive nickel metal, is clearly an insufficient allowance
for grid design. It is probable that restrictions are imposed by the
changes occurring in the nickel powder while expansion of the grid takes
place during the sintering process. Where the end allowance is insuf-
ficient, it appears that the stresses are too great for thin grids and
secondary effects are produced resulting in distortion and unsatisfactory
plates.

The attention to this characteristic of plaque-making was suspected
during work with the wire cloth grids. Success in allowing ample space
between the grid and the retaining walls of the form led to the inclusion
of this feature in cutting the rolled and electroformed. nickel sheet
grids. The soundness of this line of thought is amply illustrated by
the plaques produced in this series of tests.

The German Durac plates were provided with a grid having a frame
retaining a 12 mesh screen of extremely fine wire. It would not be dif-
ficult to imagine that the frame of the grid was responsible for the
creation of irregularly distributed stresses in the plaque which could
be responsible for difficulties in cell behaviour. Electrochemical
phenomena are commonly associated with stress phenomena in metals even
under ordinary conditions where the metal surface is relatively small and
would be accentuated to a high degree with the large area of the order
of 0.25 sq. meters per gram exhibited by sintered Carbonyl nickel powder.
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(5) Sintered Sheet as Grid..

One of the most surprising features of the work with carbonyl nickel
powder is the complete absence of any tendency to sinter to nickel metal
in the form of massive nickel metal, electroplated nickel metal, roughen-
ed. or etched. nickel surfaces, or freshly-reduced nickel oxide coatings
on metal (even when reduced under "nascent" conditions). This factor was
recognized in the German researches (Ref 7 j). It appears that an ad-
hesion of the powder to the grid would improve the strength chacteris-
tics, though at this stage of development and testing it is not to be
deduced with any degree of persuasion that such an adhesion would present
marked. advantages6

It occurred to us that if the carbonyl nickel powder could be made
to adhere to any object it should be possible to make it adhere to its
closest relation, namely a sheet grid made from carbonyl nickel powder,
Such orienting tests with solid and perforated sheet, .007 to 0.020 inch
thick, made from carbonyl nickel are summarized, in Table Jqo. IV. In no
case was the tendency for sax.ceAing characteristic of plaques made
without grids entirely absent and in no case was there any appreciable
adhesion between the pre-sintered grid and the nickel powder. The sin-
tered. powder was readily separated from the grid. For the time being,
this project will not be pursued any further.

(6) Cracks in Sintered Plaoues.

From time to time it has been noted that cracks have appeared in the
plaques in an irregular manner, with the possible exception of the condi-
tion that with the S series, 10.5 sq. in. plaques, the cracks inevitably
appeared in the upper 'ace. These cracks do not appear to interfere with
the subsequent treatment of the plaques for the purpose of introducing
the active masses, nor in the performance of these plates in cells in
those cases where plaques cracked in the impregnation process have been
carried. through to the testing stage. The principal objection to the
cracks, referring mainly to plaques about 4 mm in thickness for the
thinner 2 mm plaques seldom show cracks, would seem to be in appearance,
a factor which would only show up in dismantling a battery for inspection
or overhauling.
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In the course of our experience, a number of incidents have plainly
shown that cracks can be caused or produced by a number of unintended
operations. Those having to do with a shaking or jarring of the compact
may be caused in handling or transferring the form from the work bench
to the furnace, permitting a compact to stand in its form for an extended
period probably permitting the formation of incipient cracks by trans-
mitted vibrations, and bumping the form when moving it into the furnace,
such as on the roughened casting identification mark found on the hearth
of the furnace ledplate. Factors which have been noted to have bearing
on crack formation as-a result of operations during the assembly of the
compact have to do with the use of improperly flattened grids, movement
of the grid after placement especially with the levelling and spreading
scrapers, and unequal distribution of pressure on applying the tamping
tool.

It has been noted that wear of the graphite form tends to induce
cracks and this has been demonstrated conclusively by alternating a
worn form with a new form and obtaining an alternating pattern of a
perfect plaque and a plaque with a characteristic crack.

In the first tests on the sintering process, when compacts were
sintered for up to one hour, it had been noted that there were a larger
percentage of plaques with cracks after extended (compared to the 10
minute interval) sintering periods. These have no immediate interest
except that it may indicat.e that recrystallization processes may intensify
the enlargement of incipient cracks which may only be detected in plaques
made in shorter periods, by microscopic examinations.



4. DISCUSS ION

b. Impregnation

(1) Ge~neral Remarks. At extensive volume of information has been
amassed on the s-uoject of impregnating porous plaques with the desired
active masse5 of nickel and cadmium compounds. This information is sum-
marized in Tables XIV to X=0IV and is discussed in the following pages,
The interpretation of this data is as yet incomplete and the analysis
from various points of view is being continued with the idea of confirm-
ing the inferences suggested on inspection, of establishing -.nakw relation-
ships, of yielding basic dat-a -or the-engineering factors of design for
plant scale production, and of orienting research to the ultimate
objectives of optimum battery characteristics and costs. It has been
necessary to fill in and extend gaps, as we2l J.s to check and confirm
experimental results, without awaiting a final analysis, not only to
achieve progress and fuller understanding of the underlying processes,
but to permit a truer evaluation of the overall picture within the allot-
ment of time and money for this developmental project.

The introduction of active masses into porous plan-ues made of
carbonyl nickel powder has been studied from one aspect on the basis of
reproducing the German technique, as described particularly by military
representatives (Ref. 7(k)). The multiple cycles of impregnation,
cathodic polarisation, washing and, drying have resulted in positive and
negative plates of somewhat higher capacities than reported for the Durac
plates, namely 0.133 A.H, per sq. in. per mm (Ref. 7(l)). Only one plate
has been studied with a view to determining maximum possible capacity,
which appears to be higher than supposed. In this phase of the investiga-
tion, it is a problem of balancing the specifications desired for dif-
ferent battery services against cost and the time recuired to evaluate
stability in service.

Sufficient data has been collected, and a sufficient number of plates
have been made and tested to warrant the statement that alkaline batteries
with sintered positive and negative plates could be produced in cuantity
in a suitably designed plant. This statement would be incomplete if the
opinion, based on our experimental results, were not expressed that the
process of impregnation can be improved and simplified, especially with
the ultimate prospect of decreasing the expected manufacturing cost. This
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view has led to further examinations of the fundamental chemical processes
involved in the impregnation procedure.

In deviating from the established technique of vacuum impregnations
with multiple cycles to other impregnation techniques, such as at atmos-
pheric pressure, there is encountered a sphere of undefined standards of
comparison, The vacuum technique had been adopted in German practice to
take advantage of the usual high efficiency of vacuum impregnation tech-
niques in general (Ref. 7 (m)). Offhand, there is no apparent reason
why the life of a plate impregnated at atmospheric pressure should differ
from that of one prepared by a vacuum treatment, yet experience with all
types of alkaline batteries indicates a background of evidence of marked
variations in properties due to particular processes and there is hence a
very strong reluctance to use new procedures without prior and thorough
testing. In this case it is clear that only life cycles of testing of
plates in the form of assembled batteries can furnish the ultimate answer.
Vith such a time factor to consider, it is evident that this research
program must of necessity represent a compromise in its extension and its
intensive development.

(2) Impregnation of.Ne.ative Plates at Atmospheric Pressure.
The impregnation of plaques with cadmium nitrate solution and their sub-
seauent electrolytic polarization to precipitate in their pores the
water-insoluble cadmium hydroxide may properly be discussed here and
apart from the corresponding procedure used for the positive plate im-
pregnation. In the treatment of porous nickel plaques with cadmium
nitrate, nickel tends to dissolve in the cadmium nitrate solution as
evident for instance by the color change of the solution during the im-
pregnation of the plaque. It has also been found that a solvent consist-
ing of ammonium hydroxide and ammonium chloride in water dissolves active
mass out of the impregnated plates. The negative active mass yields
soluble nickel whereas treatment of sintered nickel plaques (without
active mass) does not show soluble nickel (except under particular condi-
tions of concentration and temperature), The precipitated active mass
will, therefore, consist of cadmium hydroxide with smaller and varying
amounts of nickel hydroxide. This condition introduces a secondary
variable, namely specific ion effects, which may change the reaction
mechanism for the tWo types of plates,
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in the present study, the principal variables introduced have been
plaqcue thickness, time, temperature and the cycles of treatment. Previous
studies (Ref 7n) indicated a marked gain in weight with increased time
of impregnation at room temperature. These results have been extended
for 2 and 4 mmi thick plates in experiments summarised in Tables XIV, XV,
and XVI. The gains in weight of the plates may be roughly divided into
two groups, namely for impregnation periods up to one hour and for periods
longer than one hour. Within each group there are however irregular
increases and decreases in the gains.

This featnre of irregularity, which is also characteristic of the
positive plates impregnated with nickel nitrate solution, seems to be ex-
plained by a phenomenon observed in a special study, Plaques were per-
mitted to absorb solution by capillary action, in such a manner that each
plaque was above the solution and the action could be observed. There
appeared to be a recurrent cycle in the evolution of gas bubbles, The
interaction of the plaque and the nitrate solution produces gas which
collects as bubbles within the pores and which are not discharged till
sufficient pressure has been developed to overcome the retaining capillary
forces. The solution will obviously be displaced by the growing gas
bubbles and hence the plcte will be loaded alternately to different de-
grees corresponding to the accumulation of gas, Thus the amount of active
material which can be precipitated in the pores by the subsecuent polar-.
ization process will depend on the particular extent of the Cas accumula-
tion at the moment of removing the plate from the solution,

ZTo consideration has yet been given to the effect of a variation
in the weight of the negative active material due to changes !n the ratio
of cadmium to nickel in the precipitated hydroxides. This caiL only be
determined by analysis, a difficult problem since it is requixed to dif-
ferentiate between nickel metal and nickel hydroxide. Such analyses are
underway, as it is deqired, to determine the coefficient of utilisation of
the cadmium in the negative plates on the basis of analytically.-determined
values. The error in assuming that the gain in weight is cadmium hydroxide
only, is probably small, since the gain in weight due to conversion of
nickel to hydroxide is balanced (anh perhaps exceeded) by the loss of
nickel by the plaque to the impregnating solution,

-23,



4. Discussion: b. Impregnation (Contd.)

For convenience the results have been summarized in Table No. 4. A
single impregnation at atmospheric pressure and room temperature results
in the introduction of about as much active mass for impregnation periodsIp to one hour as in a single vacuum impregnation. This amount of cadmium
hydroxide is of the same order of magnitude as calculated from the volume
of cadmium nitrate solution equal to the pore volume of the plaque..

The increase in the amount of active mass introduced by the impreg-
nation in periods longer than one hour indicates an increase in the
cadmium concentration in the pores, either by the formation of soluble
"basic" cadmium nitrates or by the precipitation of insoluble basic
cadmium nitrate or hydroxide. In either case there can be an equaliza-
tion of the cadmium nitrate concentration by diffusion into the pores of
the plate from the ambient solution, The increase in weight beyond the
one hour period amounts to about 2/3 of the total gain for a double vacuum
impregnation of a 4 mm. plate and at least 0.8 to 0.9 for a 2 mm. plate.
This difference between the two plates probably has a distinct meaning in
terms of the mechanism of the process. The data permits the conclusion
that in the case of a single impregnation of a plaque with cadmium nitrate
solution to produce negative plates, an immersion period of 1 hour is
sidfficient and no appreciable gain seems to be made in the extension of
the peritd to as long as 24 hours.

In the case of positive plates, elevation of temperature seemed to
be of some benefit, and it was decided to test this feature for the nega-
tive plate impregnation, The data, summarized in Table No. XXIII for
immersion periods of 1 to 6 hours shows a definite decrease in the gain
in weight, averaging about 3 to 4 grams per plate for the single impreg-
nation. There does not appear to be any advantage in raising the temper-
ature for this process and there was no change in the physical appearance
of the plates.

To checkc the behaviour on multiple impregnations, the plates were
recycled for a total of two or three impregnations, as summarized in Part 2
of Tables XIV and XV, but restricting the longest time to 1 hour except
for the 24 hr. plates. The plates Which had been impregnated for shorter
periods of time were impregnated in the subsequent repeat cycles for the
same time as originally. For convenience of reference, the weight gains
are summarized in Table No. 5.
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Table No. 4

Single Atmospheric Impregnation of Negative Plates

Gain in Weight as a Function of Time at Room Temperature

Time Total Gain in Weight, g (Cd(OH) 2 )
Table XIV Table XV Table ZXVI
2 mm. plates 4 ramm plates 4 mm. plates

Hrs - Min
5 6.17 14.os

10 5.65 12.13
15 5.89 14.75
30 7.01 15.96

1 9.64 19.81 19.20
2 9.39 is.66 19.67
3 9.78 l8.74 19.22
4 17.98
5 17.31
6 10.72 19.25 19.02

24 lO.,44 17.76
4g S,44 18.72

For comparative purposes, the following gains on impregnation
are summarized for plaques of the same series as above (Table XXVI)

No. of Total Gain in Weight (g)
Impregnations 2 mm. Plates 4 mm. Plates

1 5.75 14.31
/ 2 11.32 27.29

3 15.68 37,57
4 19.70 46.4P2
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Table No. 5

Multiple Atmospheric Impregnation of Negative Plates

Gain in Weight as a Function of Time

See Tab16i XI & XV( -P6,Tt-2

Time Total Gain in Weight,.g, (Cd (OH)2)
Hrs. Min. 2 mm Plates 4 mm Plates

2 cycles 3 cycles 2 cycles 3 cycles
5 11.67 17.11 24.10 32.98
10 11.79 16.59 22,80 31i70
15 11.31 15.41 Z5.39 34.26
30 11.15 17.02 24.71 34.88

1* 12.57 nd. 2F. 14 nd
24 13,65 nd. 27.83 nd

*Average of 4 plates

J-
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The previous difference in grouping at the one hour line appears
to hold for the second impregnation for which comparative data are
available. There is, however, a marked difference in behaviour on the
second and third impregnations as the gain in weight shows a higher
rate of decrease than is evident for multiple vacuum impregnations.
For the 2 mm. plates, the initial higher gain in the first impregnation
permits an equalisation with vacuum impregnation, cycle for cycle,
whereas for the 4 mm. plates there is a definite lag in weight gain in
comparison with the results of a comparable number of vacuum impregnat-
ing cycles .Thid 19 not a particular disadvantage so long as multiple
cycling is required to attain capacity since the gain in ampere-hour
capacity on impregnation with active mass appears to be greater for
the negative plates than for the positive. The ultimate need will be
determined by the relative values of the coefficients of uxtilisatton
and of any desired excess in negative plate capacity over that of the
pouitive,

(3) Impregnation of Positive Plates pt Atmospheric Pressure.
Effect 2f Imhersion Time.

Systematic results on the effect uf immersion time have previously
been presented (Ref. 7(o)) for Z and 4 mm, plates at elevated tempera-
tures for nickel nitrate solution of usual concentration and for one
containing 95% by weight of nickel nitrate hexahydrate. The latter was
found to be very close to yielding the desired capacity in a single
impregnation of the 4 mm. plates but it appeared that extended, periods,
of say 6 hours, caused the 2 mm. plates to buckle while immersed in the
nickel nitrate solution. It was desired to extend the experiments to
room temperature to obtain an overall picture of the process.

For immersioA periods of 1 to 6 hours, the gain in weight shows
a small irregular increase with time, and rith variations in accordance
with the discussion above, under the previous heading. The total In-
crease in weight on one impregnation approaches the valv;e obtained on
two cycles of impregnation in a vacuum, thereby exceeding by an appre-
ciable amount the calculated gain in weight, 9.5g Ni(OH) 2 , which can
be derived from a volume of nickel nitrate solution equivalent to the
plaque pore volume.' The data, summarized in aetail in Table No. XX,
have been abstracted to show the final results in Table No. 6.
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Table iNo. 6

Atmospheric Impregnation of Positive plates

Effect of Time from 1 to 6 hrs. at Room Temperature.

4 mz. plates

Time Gain in Weight
g (Ni(oH) 2

hrs.

1 13.40
2 13.69
3 14.68
4 13.07
5 14.83
6 15.38

Gain in weight of like plates by vacuum impregnation.

No. of Gain in Wt.
Impregnations g (Ni(OHi) 2

1 8.46
2 15.98
3 22.84
4 27.25
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The effects of extending the impregnation periods have also been
studied in v-iew of our early orienting experiments in which it was noted
that the cc:efficieual of utilisation could be interpreted. to mean that the
active mass precipitated consisted. of nickelous oxide instead of nickelous
hydroxide. The first set of experiments with plaques belonging to the
same series as used. above resulted in an irregular series with small gains
for 24 hrs., and only approaching the results for the 1 to 6 hr. period
in 2 or 5 dayr periods. These results showed a greater irregularity than
in previous tests, which may have been due to lower temperatures for the
period of testing, (especially when standing overnight is included).
The experiments, sixmmarized in Table XVIII, were repeated using plaques
made from the latest powder, These planues, for which the experimental
data are sunmarized in Table No. XXXX, showed a gain in weight in 24 and
48 hrs. equivalent to two cycles of vacuum impregnation, or slightly
higher than the previous results up to 6 hours of immersion. This gain
in weight is also of about twice t'he magnitude to be expected from the
nickel content of a volume of solution eoual to the pore volume of the
plaaues.

(4) limpregnation of Positive Plates at Atmosplheric Pressure,
Multiple Imnregnations.

As a result of the studies with the negative plates, it was decided
to carry out multiple impregnations of positive plates for one hour
periods. The experimental data with 2 and 4 mm. thick plates receiving
up to four impregnations are summarized in Tables No. XX and XXI. The
results on the gain in weight of the plaques are shown in Table No. 7,

,including results of vacuum impregnations of compa'•rable plaques. The
data indicate that the multiple cycle vacuum type impregnation succeeds
in introducing a. greater amount of active mass into the plaques but this
added amount can not be considered appreciable and could easily be
equivalent, depending on the exact value of the coefficient of utilization
found when tested electrically for capacity. It is of interest to note
again that impregnation after the first cycle favors the vacuum process,
indicating that wetting characteristics of the plate are changed by the
introduction of active mass.
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4. Discussion, b. Imireination (Contd.)

Table No, 7

--Multiple Atmospheric Impregnation of Positive Plates

No. of Gain in Weight, g Ni(0H)2
Impregnation 2 mm. Plates 4 mm, Plates

cycles Atmos. Vacuum Atmos. Vacuum

1 4.12 3.36 8.93 8.46
2 7.03 6.66 15.13 15.98
3 9-97 9.82 21.60 22.84
4 12I28 * 12.77 26.52 27.25

* Average of three.
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The experiments d-escribed. above appear to be highly favorable to
the possibilities of the use of atmospheric impregnation.

(5) Impreanation of Positive Plates at Atmosopheric Pressure.
Effect of Temperature.

0
Further data was obtained by impregnating plaques at 120 F as showm

in detail in Table N\o. XXII. There is a decrease in the weight gains in
. .. -- omparison.to the, res.ts at room temperature. The values are compared

in Table No. 8 with the valuos for gain in weight on impregnation obtained
at other temperatures. No advantage appears to be gained unless test
results show an increase in the coefficient of utilization with increased.
impregnation temperature. Such an increase, even at the previously deter-
mined figures would not counterbalance the lower values of the gain in
weight on impregnation at elevatcd temperatures,

(6) Imnprepnation of Positive Plates at Atmospheric Pressure and
Co on P tanr-t A 75ity.

To check the possibility that impregnation over an extended period
of time and at atmospheric pressure - of long duration compared to the
five minute vacuum impregnation - was being affected in some way by the
acidity of the solution, two sets of five plaoues in each were impreg-
nated, the acidity being kept approximately constant. This was done by
the regulated. addition of a strong nickel nitrate-nitric acid solution.
The experimental data are summarized In Table ýTo. 19. These plates
actually showed a lower weight gain over comparable plates in experiments
in which the acidity was permitted. to change during the impregnation by
limiting the control to a single initial adjustment of the acidity. The
gain in weight showed an average value, under conditions of controlled
acidity, of about 25% less than under conditions of no control of acidity
change during impregnation.

(7) Vacuum Lm~regntion.-outine Plate Production.

A total of 165 positive plates and. 30 negative plates have been
Impregnated. by the multiple vacuum procedure and for the purpose of pro-
viding plates for test cells and batteries. The experimental data, in
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Table No. 8

Atmospheric InTpregnation of Positive Plates
Comparison at Various Temperatures

4 mm plates

Gain in Weight, g
Duration 0

of 68 F 120 F 210°F
Impregnation Table Table Ref 7(o)

hrs. No, XVII No. XXII Table No. XX

1 13.40 11.80 10.74
2 13.69 12.69 11.98
3 14.68 12.32 13.46 *
4 13.07 11.71 nd
5 14.83 10.77 nd
6 15.38 10.95 12.98 *

Note (*) These values may be the result of ail increase in concen-
tration of the nickel nitrate solution due to evaporation.
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summary form, are given in Tables XXIV, XXVI XMVI, and XXVIIi, The
data available will permit an exhaustive analysis of the vacuum impreg-
nation proceb.s The necessary calculations however are incomplete at
this time sý that their presentation and. oomplete discussion is post-
poned. The delay will permit a correlation with the results of tests
to determine electrical characteristics.

The higher rates of Impregnation for the negative plates in com-
parison with the positive plates is illustrated by the resultsi The
gains in weight ot -impregnation have been converted to theoretical
capacities in ampere-hours on the basic of the electrochemical conversion
of energy for the reaction!

2 NI(0li3 +, Cc"'= 2 Ni(oH)2 O+(o)2

Por a like number of vacuum impregnations, with all conditions constant
except for the solutions, which are the source of the active maosesi the
accumulation of active mass by the negative plates is at about tw;ice
the rate of accumulation of active mass by the positive plate. This is
immediately evident from the data summarized in Table No, 9.

(8) Vacuum Impregnation. Effect of Sintering Time,

It has been indicated that the sintering time in preparing the
planues is of vital importance in the ultimate behaviour of a plate,
particularly the positive plate, in the alkaline battery. This subject
has been treated in the appropriate prior section of the Discussion.
The fundamental importance of evaluating this factor from the standpoint
of battery life can not be overestimated and this series of experiments
is a start in its proper characterization.

Compacts of the FM-3 size were sintered for periods of from 5 to
15 minutes; the data for the plaques have been summarized in Table XI.
These plaques were impregnated by the vacuum procedure, keeping all con-
ditions consta,4t. The experimental data have been summarized in
Table No. XXVII.

Examination of the results shows a decrease in the weight gain
which is regular from the plaque sintered in the shortest time of
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Table No. 9

_a-c-uu• Ii5regnation, Comparisun
of P~ositive and Negative Plates

Plate No. of Table Theoretical Theor.. Capacity
Description Impregnations No. Capacity-AH AH/sq.in/mm.

Neg, M4-3 4 XXIV 21.59 0.339
Pos " 4 XXV 10.88 0.171
Neg, S, 2 mm. 3 XXVI 5.80 -

Pos, S, 2 " 3 "1 2.75
Keg, S, 2 " 4 " 7.08
Pos, S, 2" 4 " 3.76 -

Neg, S, 4 " 3 It 14.15 -

Pos, S, 4 ' 3 t 6.40
Neg, S, 4 4 16.56
Pos, S,4 4 4 8.09 -
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5 minutes to the plaque sintered. in 15 minutes. This decrease corresponds
to a change in theoretical capacity from 16.0 A.H. to 12.6 A.H. However,
the plaques show a regular decrease in thickness which follows the same
course. The results have been calculated in terms of the unit weight
gains. Table IXVII shows the results in terms of grams gain per cubic
centimeter of pore volume. The average value is 1.27 g per cc with a
maximum deviation of 0.05. The time of sintering has, therefore, not
wrought any changes in the plaques which have an effect upon the impreg-

If it is assumed that the density of nickelpus hydroxide can be
taken at the value of the precipitated forms showing distinct
deffraction patterns, namely 4.10 (Ref 7 p), the volume of the nickelous
hydroxide is 0.31 cc.per cc of pore volume, so that 31% of the available
pore volume is filled on four impregnations.

All of the plates of this series of tests have been made up into

test cells and their performance over an extended period will be observed.

(9) Vacuum Impregnation of Porous Graphite Plates.

An understanding of the impregnation process will depend to a large
extent on the isolation and measurement of the effect of individual inde-
pendent variables. The elimination of the reaction between the nickel
metal of the plaque and the solution seemed to be a desirable starting
point, particularly in view of the recognition of the function of the
evolved gas in changing the degree of impregnation.with time. This line
of thinking led to the possibilities of porous graphite plates, which
are available commercially. It is recognized, however, that graphite is
not completely inactive in electrochemical reactions, especially in its
tendency to react with oxygen to form graphitic acids, often in the form
of surface compounds.

Porous graphite plates are available in various grades, having an
approximately constant effective porosity, but varying in pore diameter.
The plates used in this series of tests varied in pore diameter from 33
to 140 microns and had an effective porosity of 48%. These sizes fall
into the classification '"macroporous", that is with thi bulk of their
pores with diameters greater than 5 microns (Ref. 7 q). The variation
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4. Discussion: (b) !mpregnation (Contd.)

in pore diameter is of direct interest, especially with regard to estab-

lishing whether or not it would be desirable to e.pend effort in learning

how to control this factor if there proved to be an optimum distribution

for maximum plate capacity.

The experiments were carried out in the usual manner, impregnating

for four cycles 'Vith nickel nitate solution. The experimental data are

shown in Table No. XLI. The.results show differences in behaviour, not

only in the first cycle of the impregnation, but in the overall picture.

The grade 60 plaque with a pore diameter of 33 microns showed a steady

and marked decrease in vmight gain on successive impregnations, whereas

all of the other grades showed a variation similar to that noted with

carbonyl nickel plaques, particularly in their tendency to show a sub-

stantial weight gain on the third cycle when the weight gains on the

first and second cycles were comparatively low.

The overall gain expressed in terms of the percent of the pore

volume occupied by the nickelous hydroxide varied from 18 to 27%, whereas

comparable results for nickel plates showed 311. This may be the result

of the difference in wetting and penetration by the solution or to the

absence of the reaction occurring in nickel plaques between the sintered

metal and the solution. This line of experimentation will be continued

and extended, especially to the negative plate so that the possible

effect of nickel in the impregnation process will be eliminated. These

carbon plates will also be tested, as cells for capacity and electro-

chemical behaviour.

(10) Cathodic Polarisation in Lithium Hydroxide.

Inasmuch as it is known that relatively small amounts of lithium

ior, added to the electrolyte of alkaline cells,may have beneficial

effects on their capacity and life and since the mode of its action has

not been clearly defined, preliminary thought suggested the possibility

that this beneficial effect could be incorporated by polarization of the

plates in lithium hydroxide solutions. Accordingly, a series of-

plaques was subjected to four impregnation cycles, during which each

polarization was carried out in lithium hydroxide wolution. The e4per!-

mental data are shown in Table No, LIX; All of the plates have been
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made up into test cells. The weight gains are of the same order as found
In the usual procedure with polarization in potassium hydroxide solution,
thereby eliminating the possibility that the active masses tend to absorb
or combine with appreciable amounts of lithium ion.

It was noted that the fumes produced in the lithium hydroxide polari-
'zations are strong irritants to the nose and throat sO that suitable pre-
cautions should be applied in using this reagent.

(11) Pore Volumes from Drying Data.

For the proper design of a drying unit, the amount of water to be
removed from the plates following the washing step must be known. In the
course of determining the water content of typical plates for which the
data are shown in Tables No. XXXII and XXXIII, the figures were converted
to volumes and pore volumes calculated by adding to this value the volume
of the precipitated active mass. The pore volumes found in this way are
cmaller than those calculated from the measurements of the plaoues, but
are 1ithin 10 percent of these values. This could mean that the actual
densities of the precipitated hydroxides are l'er than used, basing the
values on crystalline forms, but in any event the data show little loss
in available pore volume and it can be expected that the free space in
the impregnated plates will be filled with electrolyte in the cells.
This approach should be used in any detailed analysis of the role of
diffusion in the behaviour of the alkaline sintered plate battery.
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c. Testing

(1) General Remarks. The testing procedure which had been
adopted for determining the electrical capacity of plates was described

-•b--.i•eflyin & vtous report (Ref. 7r)._ Its aim was to set up means
for evaluatiiag plate capacities in terms of the theoretical capacities
calculated from weight gains, which is equivalent to the determination
of the coefficients of utilization. The design of the test cells was
different in some respects from the usual alkaline batteries. The
volume of electrolyte provided was greater and the free space in the cans
permitted an electrolyte circulation during charging and discharging
cycles. There was an absence of tension on the plate group except for
the rufoberband or string with which the plate group was. tied, and the
plate separation was not held rigidly to the standard, value of 0.03
inch generally used in alkaline batteries with the pocket type of plate.
The testing procedure did not conform to rigorous schedules of charging
and discharge cycles and rates. This state of affairs, for which no
apology io intended, was in part ascribable to the large number of plates
of differing capacities which were subjected to electrical testing,
and. in part due to the pioneering aspect of thQ work. There is a gap
in background on which to extrapolate individual plate capacities to
ultimate performance in batteries, and it would be false economy in
planning to expect like performance from the sintered plate in compari--
son to the pocket plate merely on the basis of the expected higher co-
efficients of utilization of the active masses of the sintered plates.
It also a;pears that testing shculd be predicated to a certain extent
on the ultimate specifications forwhich a battery is to be used. It
is desirable to establish the relationship between plate testing results
and battery design.

The most bothersome feature of the testing program has been
in the irregularity of the capacities found for an individual plate over
a consecutive number of charging and discharging cycles. This feature
is observed apparently whenever a detailed analysis is made of capacity
tests of alkaline batteries, whether of the sintered plate type or of
the pocket type and hae been noted in the work of other laboratories.
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The selection of an absolute value for the plate capacity becomes an
arbitrary procedure, within certain limits, under such conditions. In
any logical approach to this subject, it is necessary to scrutinize the
testing procedture in all its phases and conditions.

A typical example of the.possible effect of a tezting condition
is illustrated by the introluction of the variable, the interva•-6f-
time that the battery is on open circuit from the eni of charging to the
start of discharging. The open circuit potential of an alkaline battery
falls on standing immediately after discharge, and although the capacity
lcss due to this change is small, its value is within the range of
capacity variation noted., The choice of a pericd of standing during
testing will depend on the use to which a battery vill be applied. For
Diesel starting, the conditions would call for only a few minutes of
standing on open circuit; for a minerls lamp, the choice would be dic-
tated. by the practical considerctions of the charging schedule and
delivery of the lamp to the user.

A dfierent point of view makes it conceivable that the variation
in capacity on repeated oycling is a function of the plate structure.
Considering the active mass of a positive plate, charging changes
nickelous hydroxile to nickelic hydroxide while discharging reverses
the reaction. Little is known about the nature of the reaction from
the point of view of the behavior and changes of the indiyic.ual hydroxide

particles. The apparent reversibility cf the reaction may well hide
changes in the sizes and aggregation of individ.ual hydroxide particles.
If the reversibility were perfect, it might be expected that the co-
efficient of utilisation would always be near or at 100lo. The lower
values, especially with multiple impregnations of sintered plates, may
well permit a condition uhereby the cycle of charging and discharging
opens and closes new pores thereby changing the accessibility to electro-
chemical reaction. An insight into these processes may provide the cue
for new approaches to the general problem of making improvements in
batteries.
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The suggested changes in testing procedure are being applied
in the program of determining plate capacities. It is not propcsed to
discuss these changes prior to a more thorough study of the results.
There are still a number of arbitrary features, which, however, it is

will be an ever-present source of provocation for further
excursions int the nature of the fun amental-t-ts'geverntgt secondary
batteries.

(2) Pocket Troe Cells. Various combinations of pocket type
cells were made up, particularly with the types of pocket plates which
were used in combination with sintered plates for testing their capacity.
The results are shown in summary form in Table No. XXXV. These cells
showed the typical variation in capacity on consecutive cycles of charging
and discharging. The average capacity of the cells exceeded the rated
capacity of the plate group with the lower rating in all tests. Atten-
tion is called to the capacities well over the rated figures when the
negative plate is provided with a positive plate-group with ample excess
capacity. The combination of a negative plate with a positive plate
group of twice the rated capacity gave capacities of 150% of the rated
capacity of the negative plate.

Tests in which various anions, such as sulfate, chloride, and
carbonate were added to the electrolyte did. not show any specific effects
over 22 cycles of charging and. discharging. The same feature had been
noted for the nitrate ion, as reported in the Quarterly Progress Report,
30 Sept. 1947. Table XXVI, page 53. This ion would be expected as a
possible contaminant of sintered plate cells made up by impregnating
with nitrate solutions. After 20 cycles, it was found by analyses of the
electrolyte that the nitrate had been eliminated from the electrolyte.
These tests indicate that up to the limits of concentration used in the
cells, foreign anions will have little effect on the capacities deter-
mined for the sintered plates. An examination of the capacity data for
the cells with nitrate added to the electrolyte showed a diminishing
loss of capacity on standing on open circuit (usually over weekends).
This would indicate that nitrate ion will react with charged plates,
thereby reducing capacity and in this case, providing a means for its
elimination from the electrolyte.

4
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(3) jf Sinterin.oTime on the Capacity of a Plate. It
was shown, in Table XVIII of the 30 Sept. 1947 Quarterly Progress
Report that sintering times longer than 15 minutes caused a decrease
in the theoretical capacity attained in three vacuum impregnations.
The average capacities show a steady decrease as a function of sintering
time; the testing data are summarized in Table XXXIX. Up to a 20
minute sintering period, the coefficient of utilization is85%, dropping
to 81% for the 25 and 30 minute sintering peri6d. The lattd f-eri6ds
correspond to sintering times for which the shrinkage on sintering has
reached a steady value.

It is now recognized that sintering periods beyond 15 minutes
will not be of particular importance. However, the plates sintered up
to 30 minutes have not shown any tendency toward disintegration or
particularlyj, of blistering, in variance with the suggestions that "hardu
plates produced with long sintering periods and by high temperatures are
characterized by such defective behaviour. These experiments would
indicate other causes. On the other hand, the total number of impreg-
nations was limited to three cycles, which may suggest that there is a
limiting value of the pore volume which may be occupied by the active
mass. It is possible that a heavier loading of these plates, such as
by a fourth impregnation cycle, might bring about the reported blistering
effect on utilization of the plates in batteries.

(4) Positive Plates Impre•n•ted at Atr.osheric Pressure.

Single Impregnptions. Selected plates from the groups impregnated at
99°0 in 50 and 60,0 nickel nitrate ("Ti(T0 3 ) 2 ) solution were assembled

in test cells with pocket tyoe negative plates. The data are shown
in summary form in Tables 1Ž1o. UXXX and X<XXI. The testing results show
that positive plates may be impregnated in strong nickel nitrate solution
at 9900 in a single treatment at atmospheric pressure to yield capacities
approaching the values indicated for the performance of the Durac plates.
Considering the orienting nature of these experiments, it would be
desirable to carry out further tests, though the process will apparently
be unsuitable for thin plates owing to the tendency of the 2 mm plates
to buckle during immersion for periods longer than three hours. The
coefficients of utilization had about an average value of 824', indicating
again that the relationship here is dependent Upon the percentage
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occupancy of the pore volume by the active mass. This point has been
emphasized repeatedly, as there is a possibility that calculations based.
on active mass to electrolyte proportions using the usual electrochemical
expression of the reactions may put a meaning into the phenomenon.

A number of the plates were transferred to test cells having
increased negative plate capacity, with little change in the capacities
found. This procedure, along with the information on testing pocket
type negative plates, eliminated the possibility that insufficient nega-
tive capacity was used. in this particular series of tests.

(5) Nle__ative Plates IMren _ate __:tmosheric.Pressure. Data
on the testing of negative plates impregnated in 2 and 3 cycles at
atmospheric pressure are shown in Table No. XXXXIII for both 2 mm.
and 4 mm. plates. In order to provide sufficient positive plate capacity
in most of these tests, it has been necessary to use groups of four
positive pccket-type plates, so that each sintered negative plate was
surrounded on two sides by two pocket-plates, each of the same area.
The 2 mm. thick negative plates showed a coefficient of utilization of
92% for two impregnations, while a third impregnation dropped the value
for the coefficient to 847. This appears to be an effect similar to
that found in the positive plates on multiple impregnation or on attain-
ment of capacities approaching the figure for the Durac plates. The
capacity of the negative plates with three atmospheric impregnations
has reached a value of 0.24 A.H. per sq. in. per mm., exceeding the
corresponding value of the positive plates and confirming the higher
rate of impregnation of the negative plates as shown by the weight
gains or theoretical capacities. This feature is the reverse of what
was expected on the basis of the descriptions of the manuf'acture of
Durac negative plates (Ref. 7Z). It was stated that the negative plates
sometimes received five impregnations to insure the proper weight gain.
It is conceivable that such a condition might have been due to the
manufacturing procedure involving delays in transferring the plaques
from the impregnating solution to the cathodic polarization process#

(6) Multirle Imnre-nation of Positive Plates at Atmospheric
Preosur. Table No. 'X=-II summarizes data on cells with positive
plates which had received four cycles of impregnation at room
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temperature and atmospheric prcssure, and compared with control tests
on plaques from the same batch impregnated .by the vacuum prccedure. The
tests show that the atmospheric impregnation for four cycles, with plaques
of 2 and 4 mm. thickness, results in capacities at the same coefficient
of utilization as for vacuum-impregnaterplateo. The actual capacities

for the plates impregnated at atmos-pheric pressure are slightly lower
than the capacities of the vacuum-impregnated plates, in accordance with
the indications from the theoretical capacities.

The results to date indicate that the theoretical capacities,
based on weight gains on impregnation of plates, can be used to predict
ultimate capacities without going through the tedious testing procedure.
This would permit the concentration of the test work on multi;)late
batteries for which the other important factors, such as life, plate
durability, charging characteristics, discharge at various rates, shelf
life, etc., can be adequately and more thoroughly evaluated.

4, (7) Miscellaneous Tests. Tables _XXVI to XXXVIII show data
for varivus plates, for which the results have not yet been fully co-
ordinated. The results of Table XXXVI refer to FM-3 positive plates
which have been charged and discharged at various rates, which will be
co-oriinatei with the results of tests on similar plates assembled in
multiple plate cells and twin batteries. These data are included to
show the various phases of work underway and to indicate that answers
to some of the questions posed by testing procedure will be forthcoming
in the not too distant future.

5. Conclusions and Recommendations.

The Suimary, section 2, gives a brief statement on the conclusions
indicated by the work performeft in this quarter. It is proposed that
final conclusiors should await the ro3n.Zing out of the experiments to
fill the apparent gaps of irnformation :--Two very broad avenues of research
and development are indicated by the work to date, namely investigations
into the futndamental nature of the electrode processes of the nickel-

" cadmium alkaline battery in relation to the performance of sintered
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• plates, and. the extension of the processes involved in producing sintered
plates on a large scale with a view to establishing low-cost quantity
production. It is proposed that the work continue along these lines
and the completion of those experiments suggested by the experimental
work presented in this and previous reports.
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8. Appendix

Table I

Sintering; Routine Production for Impregnation Teots

10.5 SQ. IN BY t12" mm Plaques

Experiment No. S 3N3-414 Average High Low
Date 1947 912r-9/15- --------------
Record Vol.V 94-101- - --------------
Operator Paul Stahlberg
16N. of Plates Prepared 20 20-
Compact Preparation
Powder, Type P-21 -------- ----- -------
Weight Sintered g 14.4 15.7 12.9

Apparent Density g/ccl ---- ------- 0.70 0.77 0.63
Grid, Type UxS Nickel Wire, Welded Lug,

O.02S" dia Wire, Annealed
Weight g- .-------- - 15.7 16.2 15.1

Form 3.60"x3.00" x 0.125"---------
Serimental Conditions
Sinter Tepp, Initial OF 1700°-- - --------------

, 1I Average OF- - 1661 1679 1645
Sintering Time min. 10------------- - - - -

Results
Thickness mm ---- ----------- 2.22 2.66 1.93

Shrinkage in Thick. % - ------- 30.5 39.2 26.6
Plate Area sq.in. 10.51 - - --

0alculated Results
Plate Volume sq..in-rm ------- ------- 23.33 27.96 20.29
Pore If cc - - - - L1,70 14.63 9.57
% of Apparent Sinter Volume 8- - 7.4 89.6 84.4
% of Final Plate Vol'ame ---------- 77.5 81.,2 73-2

Net Pore Voluniecc/sq.in-mm.r.n- - -.. 0,500 0.523 0.472
Unit Plate Weightg/sq.in-mm- -o-2S{2- -

"t Powder 1" H o.615 -

"1 Grid o0.672 -

See Table XIII, 16 for Notes
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Table No. II

Sintering; Routine Production for Impregnation Tests

10.5 SO, IN BY "4" mm plates

Experiment No. S 397-416 417-442
Average High Low Average High Low

Date 1947 9/12-9/16 9/16-9/1T
Operator P.S. P.S.
No. of Plates Prepared 14 26

-.......Oomp-act -Preparation- ... ..... ..--

Powder, Type P21 P21-1
Weight Sintered g 30.7 31.7 29.2 33.3 35.2 30.8
Apparent Density g/ec 0.72 0.75 0.69 O.7s 0.83 0.72

Grid, Type x 8 LA 8x8 LA
Weight 15.6 16.o 15.2 15.7 16.7 15.2

Form 3.60x3.0OxO.25"---
Eaperimental Conditions
Sinte:' Temp., Initial "F 1700 - .....

" " Average OF 1659 1695 1639 1655 1667 1628

Sintering Time min. !0-
Results
Thickness mm. 4.28 4.42 4.16 4.47 4.72 4.27

Shrinkage - % of Compact 32.7 34.5 30.4 29.6 324 25.7
Plate Area sq in 10.51 10.51

Calculated. Results
Plate Volume sq. in.- 44.98 46.98

mm
Pore cc 23.73 24.65 22.92 24.71 26.39 23.69
% of Apparent Sinteer Vol. 86.9' 87.6 86.3 86.5 87.1 85.8
% of Final Plate Volume 1.18 82.6 81.0 81.6 g2.4 8O.9

Unit Pore Vol,oc/sq in-mm 0.53 0.53 -
" Plate Wt,g/sq in-mm 1.030 1.o43
" powder" o.683 Q.710
SGrid " 0.347 0.5333

-47-



9#• Appendix (Contd,)
Table No. III

Sintering; Perforated Rolled and Blectroformed Nickel
Sheet as Grids

Eaperiment No. S 449-50 451-2 453-4 455-6 457-8 463 464
at e 1947 11/26----1l/28- - - - -12/3- - -

Record Vol IV, 17377- ------------ VIII,
* ~110---

Operator L. Fay & W. W. Oppeph~im-------------
Compact Preparation
Powder, Type P23-2-----------------------

Weight Sintered 9 45,50 47.40 45.75 45.20 44.54 45.77 23.42
4pparent Density g!C _ 1.0'3 l.OZ 1.04 1.O4 1.05 nd nd

Grid, Type 8x8L Perforated sheet, See Notes
Weight g 14.52 5.18 4.46 '8.89 12.7s 4,13 4.09

Form, 3. 60x3.00", Depth 0.25 inch -.-.-.-.-.-------- --------- -- 0.125
E.,perimental Conditions

Temp, Initial Or 1715- .-.-- - ----- ----- 1720 1715
"11 Final oF 1670 1677 1662 1665 1665 1675 1655
" Average OF 1654 1660 1650 1652 1653 1661 1647

Sinter Time min 10-----------------------
Result s

Dimensions
Shrinkage in Width % 1.58 1. 69 #,.53 1.53 1.53 0.99 0.99

"lHeight % 2.04 1.91 a.0x4 2.04 1.91 1.31 1.31
Thickness mm 5.28 5.32 5.27 5.27 5.28 5.21 2.64

Shrinkage - % of Compact 16.8 16.2 17.0 17.0 16.8 18.0 16.M
Ratio, Form/Plate Thick. 1.20 1.20 1.20 1.20 1.20 1.22 1.20
Plate Axea sq.in lO. 4 1 ---------------- lO.43 10.51- - -

Notes (1) Perforated grids used throughout. For plates 451-458 holes were
3/8 inch in diameter with the centers of alternate rows staggered.
Liugs wore cut out of the solid sheet, integral with the grid. For plates
463 and. 464, the holes were cne-half inch in diameter. The grid size
was made to allow 1/8 inch clearance on all sides.
For 449 & 450, SWS wire cloth, for comparison

" 451 & 452, International Nickel Co., 0?005 inch electroformed Ni sheet
" 453 & 454•it " 0.005 " rolled sheet, A nickel"i 455 & 456 to 0.010 " 1 " " "

" 457 & 45S 1 " 0.015 1" if "1 it i"
" 463 & 464 Chromium Oorp. of Am. 0.009 " olectroformqd Ni sheet
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Table No. IV

Sintering; Effect of Thin Sintered Sheet as Grid

Experiment No. S 371 372 447 4048 462
Date 1947 8/27 -.. .- 11/10 ..... - 12/1
Record. Vol V,92 - - VIII 75,76 XV, I8O
Operator P'.S. - .. L.F. --........
Compact Preparation
Powder, Type P21 ....-. P21-3- - P23-2

Weight Sintered. n.ud. n.d. 50,36 51,26 49.02
Apparent Density g/cc 1, it

Grid, Type See Notes beloxw- -- - -
Weight g 7.3 5.6 nd 14.18 9.07

Form 3. 6 x3.OxO.125 3. 60x3,0xO.25-----
Experimental Conditions
Temp., Initial OF 1700. - -1760- - - - - 1720

" Final OF -- 1750 1755 1645
" Average OF 1662 1689 -- 1 1645

Sinter Time min 10- --- - ,-- -5- -.----- 10
Restults

:Dimo~ensi s

Shrinkage in Width 0 n& nd. 4.27 1.09 1.97
, 1, Height % " " 5,12 1118 1.97

Thickness mm it 4.55 4.89 5•1I
Shrinkage - % of Compact " 28.8 23.2 18.4

Notes (1) Description of Grids Used. All were rolled ointered sheets
of thickness and calculated porosity indicated.
S-371 3. 6 x3.0", 0.007" thick rectangular cut
S-372 3.6x3.0", 0.012" " "
S-447 3.35x2.75", 0.020" " , 65'% porosity, rectangular cut
s-44•, 0 " "O 143% f I t
s-46a " , O, O2O" 143% " "t it

perforated with 31/" holes, staggering the
centers of alternate rows.

(2) Bend teot applied to all samples. Broke squarely and, no
cohesion between powder and prosintered thn sheet shown in
any case,

-49



S. Appendix (Contd.)

Table No. V Part I

Sintering of Light Carbonyl Powder

Fiffect of Sintering Time from 3 to 15 minutes

Experiment No. S 465 466 467 468 469 470
Date 1947 12/1-12/2- ------------Record Vol.VIII 97-99 ---------------

Operator L.F. & W.W.O.
Compact Preparation
Powder, Type -P23-2-------------

Weight Sintered g 45.19 45,48 n~d. 44.85 43.g4 45.30
.ppa-rent ity to6 --t -O6 " -1.05- -1-03- I.O6

Grid, Type UxS LA-
Weight g i4.56 14.52 14.40 14.45 13.83 14.50

Form 3 .601?X 3 .OO1XO.250" -
Exerimenjal Conditions

Temp., Initial T1720----------------
" Final 1635 1625 1620 1620 1630 1635

" Average 1668 1665_ 1655 1656- ---6-
Sinter Time min. 3----- -4-- -5 --

Result s
Dimensions

Shrinkage in Width % 1.0 1.31 nd 1.0 1.42 1.42
" " Height % 0.92 14.8 - 0:92 1-57 1.44

Thickness mm 5.97 5.92 5.79 5.79 5.69 5.69
Shrirnage % of Compact 6.0 6.8 8.8 8.8 10.4 10.4

Ratio, Form: Plate Thickness 1.063 14072 1.098 1... 1.I17 -----
Plate Aroa sq, in. 10459 10.53 nd 10.59 lO,47 10.49

Calculated Results
Plate Volume sq.in.-mm. 63.3 62.4 nd 61431 59.6 59.6
Pore Volume cc 33.95 33°35 nd 32 78 31.86 31.66

of Apparent Sinter Volume 86.5 86.4 nd 86.3 86.3 85.8
cf Final Plate Volume 83,1 82.9 nd 82.8 82.9 82.3

Unit Pore Volume, cc/sqoin-.mm. 0-536 0534 nd 0,534 0.534 0.534,
" Plate Weight g/ i 0o944 0.962 nd 0.967 0.968 1.129
" Grii " g/ " 0.230 0.232 ri 0.236 0.232' 0.273
" powder " g/ " 0.714 0.730 nd 0.732 0.736 0.850

Notes (!) Up to plate No. 474, plate lugs are 3/1 inch wide;
From 474 to 490, • " 0.23 "
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Table No. V Part 2

Sintering of Lig2ht Carbonyl Powder

Effect of Sintering Time from 3 to 15 minutes

Experiment No. S 471 472 473 474 475 476 477
Date 1947 12/2-12/3

Record Vol.VIII pp. 100-103 .....
Operator / L.F. & W.W.O.
Oompact Preparation
PowderType P23-.2 -- -- -----------------

Weight Sintered . 45.65 45.08 44.98 44.92 44.79 44.26 45.67
Apparent Density• ... g/c .. O7 1.05 105 1 .0 5 1.05 1.04 1.07

Grid, Type Sxg LA .................................
Weight 15.0 14.43 14.38 14.86 14.s9 14.s7 14.92

Form • 0t, x3-00xi10. 25.
_Exe~rimental Conditions
Temp, Initial oF IT20------- - - 15to Final OF 1635- - - - 1655 1645 1;45 - - -1650

" Average op 1647--- 1656 1647 1645 1644 1645
Sinter Tire min. 6-7- - ---. 8 ----- 9

Result s
Dimensions
Shrinkage in Wiith % 1.i0 1.42 1.42 1.1o 1.53 1.53 1.53

"It I, Height % 1.05 1.57 1.57 1,31 1.97 1.97 1.97Thicknese mm 5.64 5.56 5.46 5.46 5.31 5.33 5.26
Shrinkage - % of Compact 11.2 12.4 14,o 14.0 i6.O 16.0 17.2

RatictForm; Plate Thickness L.123 1,141 1.162 1.162 1.191 1.191 1.209
Plate Area sq.in. 10.56 10.47 10.47 10.54 10.42---------

Calculated Results
Plate Volume sq.in-mm, 59460 58-30 57-20 57-20 55.6 55.5 54aPore Volume cc 31.52 30.77 30411 30.33 29.05 29.11 28.47% of Apparent Sinter Vol. 85.6 85.4 85,2 85.4 84g7 84.9 S4.4
% of Final Plato Vol. 81.9 8a.9 81.6 81,8 91.0 81.2 g0,6

Unit Pore Volume,cc/sa-in-mm. 0.529 0528 o.526 0.527 0.523 0.524 0.520
" Plate Weight g/ " ' 1.019 1,021 1o037 1.038 1.074 1.068 1l105
" Powder " g/ " 0, 52 0.248 o.251 0.258 0.267 0.267 0.272
" Grid " g/ " 0.767 0.773 0.786 0.780 0.807 0.801 0.833
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Table No.-V Part 3

Sintering of Light Carbonyl Powder

.ffect of Sintering Time from 3 to 15 minutes

Bxperiment No. S 478 479 49o 481 482 483 494
Date 1947 12/33 ....---------------- -.-
Record Vol, VIII 103-106 . . . . . . .. . . . . . . . . .

Operator L. F. & W.W.O.
Compact Preparation
Powder, Type P23-2------- --------------•g~~~~n~ -lt•• ....... - 339 -45,:31ý 45v--1 -43-76- -45-37- -45,.a6 -- ••

Apparent Density g/oo 1o02 1.06 1.o6 1.02 io6 1.06 1.06
Grid, Type Sx8 LA----- - --- -- - .- - .-----.-.----

Weight g 114.97 15,0o4 114.78 1)4.76 114.76 114.72 114.82-
Form 3.60"x3.00"xO.25" - ---------

gxprimental Conditions
Temp, Initial oU 1715

"H Final OF 1060 1670- -. -- 106O- -... 1685 1695
" Average OF 1649 1650 165? 1654 1654 1655 1606

Sinter Time min. 9 10 ------ -!- 12-.-.
Reesult s

Dimensions
Shrinkage in Width % 1.64 -- ---------- 1.53 I.664

"" Height 2.10---- - " -- 1.97---

Thickness mm. 5,21 5-15- - - - 5.05 5.08 5.05 4.95
Shrinkage-% of Compact 18.0 18.8 18.8 20.4 20.0 20.14 22.0

Ratio, Form: Plate Thickness l1.ý9 1.230 1i.30 1.257 1.250 L.257 1.281

SPlate Area sq.in 10.39---------- - - 10.42 10.41
Calculated Results
Plate Volume sq.in-mm 54.1 53.5 53.5 52.5 52.8 52.6 51.5
Pore Volume cc 28.32 27.6S 27,73 27,22 27.23 27.14 26.42
1 of Apparent Sinter Volume 84.9 g4.1 84.2 &4.4 83.8 83.7 83)4

5 of Final Plate Volume 8I.1 80.2 So. 80.4 79.9 79.9 79.4
WUit Pore Volume,cc/sq.ln-mm 0.524 0.518 0.518 0.519 0.516 0.516 0.514

' Plate Weight g/ i " 1.078 1.127 1.119 1.115 1.138 1 .140 1.166
" Powder " g/ " 0.275 0.291 0.276 o.281 0.290 0.280 0.288
" Gri , gI/ , 0.803 o.sm46 o.943 0,834 0.85$ 0.86o 0.877
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Table No. V Part 4

Sintering of Light Carbonyl Powder

Effect of SintQring Time from 3 to 15 minutes

xaperiment No. S 435 496 457 48s 4s9 490
Date 1947 12/3-12/4 ------- -- , -..-.- .-
Record VolVIII pp 107-9 -. - - -
Operator L.F. & W.W0 .-O-------------- ---- --
CoWpact Preparation
Powder, Type P23-2 . - - - - -

Weight Sintered. g 44.0i 5 45.57 45.44 44-.95 -45,4i 45.70
Apparent Density g/cc 1.06 1.07 1.06 1.05 1.o6 i.o0

Grid, Type W LA .....
Weight g 14.9o 14.69 14.gl 14.75 14.79 14.81

Form 3. 6 0ix3.00ix0.25-i --
&Rperimental Conditions

Temp, Initial OF 1715..................................
" Final OF 1695 1705 1700 1700 1710 1705
'verag 0oF 1660 1670 166o 1662 1665 166o

Sinter Time min. 13 .. 14-- -• - -. - 15------
Results

Dimensions
Shrinkage in Width 1.75 1-53 1.97 2o0O 1-75 1,o6

" " , Height % 2°34 2.10 2.49 2,62 2,49 2.49
Thickness mm 4.93 5,00 4.9, 4.53 4o53 'h,38

Shrinkage-% of Compact 22.4 21.2 21.6 24,0 24.0 23.2
Ratio, Form: Plate Thickness 1,ý89 1.270 l.274 1.316 1-316 1.302
Plate Area sq.in. 10.36 0o.41 10.32 1Q.29 10.34 10.33

Calculated Rezults
Plate Volume sq.in,-mm. 51.10 52.10 51.4) 49.70 50.00 50.50
Pora Volume cc 26.24 26.69 26-31 25.29 25.39 25.66
% of Apparent Sinter Vol. 93,5 .3.4 83.4 52.9 52.5 52.9% of Final Plate Volume 79.7 79.6 79.4 75.8 78.7 79.9

Unit Pore Volume,cc/sq.in-mm. 0,514 0,513 0.512 0.500 0.508 0.509
" Plate Weight gi " .154 1.163 1.171 1.200 1.204 1.199
" Powder " g 0.292 0,292 0.248 0.296 0.296 0.293
" Grid " 0".•2 0.881 0.883 0.904 0.908 0.906
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Table No. VI

Sinterirg; Routine Production of 10.5 sq, in. Plates

from Light Carbonyl Powder, P23--2

Experiment No. S 499-505 506.-512
Date 1947 12/10 12/11-12/12
Record Vol. VIII 112-4 VIII 116, Vll-9
Operator L.F. & W.W.O. - - -- ---------

0ompact Preparation
Powder, Type P-23-2 -

Weight Sintered g 15-74. 4s.15
Apparent -Density g/ce i.O2-l.14 1o13

Grid, Type SxW Wide Lug S89 LA
Weight g 22.05 15.57

Form, 3.6x3.0, Depth inch 0.094 0.250
Exp er ment al Conditions

Temp, Initial Or 1715 1715
"i Final F 1635-1675 164o-1670

Time of Sinter min 10 10
Results

Dimensions
Shrinkage in Width 1.10 1.44

"it 11 Height 1.31 1.97
Thickness mm 2.09-2.16 5.05-5.26
SI-rinkage-% of Compact 9.6-12.s 31.5-33.1

Ratio, Form: Plate Thickness 1.103-1.145 1.209-1.257
Plate Area sq,.in. 10.55 10,43

Calculated Results
Plate Volume aq..n.-mm 22.35 53.71
Pore If cc .10.1c-10.79 27.41
% of Apparent Sinter Vol. s4.4-85.9 83.0
% of Final Plate i 71.5-73.4 79.0

Unit Pore Volume, ec/sq.i;n-mm 0.47 0.51
" Plate Weight g/ " 1.693 1.193
" Powder " g/ " 0.705 O,s94
" Grid If g/ If 0.9gs 0.2s9

Notes (1) Plates 499-505 were provided with perforated nickel sheet
grids of the same stock as used in the early experiments.
"The rectangular portion was 3-23/64 % 2 3/4" with a lug
ini one corner 1-1/ 2 " x 1"

(2) Lugs for plates 506-512, 0.23 inch wide
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S. Appendix (Contd.)

Table 3To, VIII

Sintering of Light Carbonyl N~ickel Powder

12.5 sq. in Plates from 3 piece Form

Zxperiment No. F1-2 1 3 6 2,4,5,7 9-9 10-19 20
Date 1947 9/25 9/29 10/1 - - - -10/2 10/9-22 10/,23
Record Vol.VIII 2/10 - - -i- - ------------------ 39 46
Operator P.S -.-.- - -..L.F.. ....... ......
Compact Preparation
Powder, Type .. P21----- - - - - --- - - -

Weight Sintered g 42.55 42.o9 41.42 42.85 41.59 43.70 44.69
Grid, Type xSz LA- - ---------------
Weight g 18.5 18.5 1.5 18.5 18.3 IS.4 I1,4

Form 3 piece, YM-2,Brx 3-27/ 6 4x3-53I 6 4xO.25
Scraper, Depth inch 0 0.190 0.205 0.195 0.195 0.200

Experimental Conditions
Temp, Initial oF 1710 1900 1765 -i-O--------- 1810 1910
"11 Final OF -- -- - - 1745 1760
"if Average OF 1637 1712 1667 1679 16So 1723 -

Sinter Time min 10 15 12 15 13 14 is
Results
Thickness mm 5.64 4.37 4.72 4.63 4.52 4.46 4.14

Shrinkage-% of Compact 11,2 31.2' 25.6 26.8 29.8 30.5 34.8
Shrinkage in Width % 1.34 2.17 1.65 1.91 1.76 1.86 nd

" It Height % 1.50 2.19 1.96 2.16 2.07 2.24 nd
Ratio, Form: Plate Thickness 1.126 1.454 1.344 1.366 1.4o4 1.419 1.533

See Table XITI, 15 for Notes
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A. Appendix (Oontd.)

Table No. X

Sintering on Light Carbonyl Niclkel powder

Tests on Grab Samples from 1000 lb. lot

Experiment No. FK-3 144 147 14g 149 150 151
Date 1947 11/10 11/24 -

Record Vol.VII I 78 3 -

Operator L. F. & WW.
Compact Preparation
Powder Type P23-1 P23,2 P23-5 P23-6 P23-7 P21-3

Tzeatment 6 •.r. Grab samples ------ - --- 200 --
Weight Sintered g 66.51 64.71 64.74 57.44 54.2S 51.51
Apparent Density-Scott g/cc 0.79 0.68 0.8 0.73 0.70 0.53
App. Density in Form " 1.14 171z 1.22 0.99 0.94 O.g9

Grid, Type Sx8 LA- ------------
Weight g 103 17.14 17o50 17.13 17.53 17.61

Form 3 piece FM-3, 0.25 inch cavity
Zxperimental Conditions

Temp, Initial oF 115 100 -0 - - - - - -
" Final OF 1790 1750 1770 1760 1755 1765

Sinter Time min 15 ..4------ .....
Results

Shbinkage in Width % 2.4S 3,20 3.52 3.10 2.90 4.o4
" 1" Height % 184 3.07 3.47 2.97 2.97 4.09

Thickness mm 4.72 5.15 4.92 4.92 4.90 4.66
Shiinkage-51 of Compact 25.6 18.8 22)4 22.4 22.8 26.4

Ratio, Form: Plate Thickness 1.343 1.231 1.2$9 1.2a8 1.296 1.359
Calculated Results
Plate Volume sq.in.-mm 63.36 70.76 6T.O6 67.09 67.15 62-30
Pore Volume cc 33,36 35.76 33°37 34.40 34.90 32.12

% of Apparent Sinter Vol. 8I.O s2,6 gl86 83o6 84.7 94.4
% of Final Plate Volume 78.9 79.1 78.0 80.5 1,0 80.3

Unit Pore Volume, cc/sq.in-mm 0.,526 0.PO5 0.497 0.5i2 0.519 0.515
"i Plate Weight g/sq..in.-mm 1.211 1.153 1.227 1.111 1.069 1.110
"Grid o/.163 0.a42 0.261 0.255 0.261 0.283
" Powder / "o.58 0,911 0.966 0.856 0,8O0 0.827
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S. Appendix (Cont&.)

Table No. X11

Sintaring of Light Carbsnyl lMiclzel Powder

Routine Production of 14 sq. in. Plates in 3 piece Form

Zxperiment No. M-3 163-12 13-202 203-?'-
Date 1947 12/11-12/12 12/12-12/19 12/1I
Record Vol.VIII 115-123 123-129 129-1."
Operator L. F. & WXO ,-------0.------- -

Compact Preparation Average High Low Average Avera[
Powder, Type P23-2 unscreened-------------

W-eight Sintered - g . ..- 54.z4- 59-81 51.O-2 55.54 52.27
Apparent Density g/cc 2,42

Grid, Type xS LA- -- - ------------
Weight g l6.79 IS.S6 16.22 16.66 19.97

Form 3 piece FM1-3, 0,203 inch cavity
Experiment 0onditions
Temp., Initial uF 1717 1720 1715 1732 1752
"i Final OF 1629 164o 1615 1645 1676
" Average oF 1620 1625 1609 1636 1669

Sinter Time min. lQ- -- - - - - - - - - - ---
Results

Shrinkage in Width % 2,42 3.10 1.65 2,42 1.69
"it 1 Height % 2.49 3.18 1.55 2.24 1.75

Thickness mM. 4.57 4.8O 4,34 4.59 4.61
Shrinkage, % of Conmact 11.37 15,74 6.59 lO.s8 1o.67

Ratio, Form; Plate Tlic•ness 1.125 1.072 1.190 1.125 1.117
Calculated Results
Pore Volume cc 32.19 34.00 30.56
% of Apparent Sinter Vol. 93.5
% of Final Plate Volne 75.8

Plate Volume sq n-mm 63.75
Unit Pore Volume,cc/s/An.-mm 0,504
Unit Plate Weightg/sq in-mm 1.122

" Powder M5i '9 0.24" @izi• 0 . 264

See TabJe X!II, 18 for Notes
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S. Appendix (Contd.)

Table No. XIII

Notes on Tables I-ZII

General

1. Compact Pre-oaration. All S experiment plates were made in
the two piece form, previously described, with the bottom piece
having a cavity 3.60x3.00 inches and provided with a lug cavity
at one cornerý The depth of the cavity was either 1/9 or 1/4
inch. FM plates were made in a three piece mold, for which a
complete description will be g'fven in the annual report_, with
height varying as indicated in the table. The center piece is
a spacer whose thickness can be variedl thus allowing for de-
sired changes in plate thickness.

2. Poi,;der Type. All experiments described in this report were
made on light carbonyl powdor. The powder numbers and descrip-
tions will be found in Table No. 1.

3. Weight Sintered. The weight of powder sintered in any plate
is found by subtracting the grid weight from the final plate
weight. The latter was determined after suitable trimming,
especially to remove the powder sintored in the lug cavity,
thereby permitting calculations on the basis of the rectangular
plate with rounded- corners,

4. Apparenb DLensitZ under the heading of Compact Preparation
applies to the appar'ent density of filling the form cavity
with powder, correcting for the volume occupied by the grid.
The true volume of nickel powder is based on a density of
8.6 g per cc.

5. Grid, Type. In general, the use of the Sxg mesh nickel
wire cloth grid. with spot-welded lug has been adopted. The
grids are annealed- at 170 00F for 10 minutes in the sintering
furnace in a protective gas atmosphere. Faccept, where noted,
the wire cloth is made from 0.029 inch (di'ameter) wire, For
S plates the lug width has been increased from 1/4 to 3/9 inch
width while for the 7M plates the width was standardized at
3/8 inch, and 0.031 inch thickness. The standard grids are
designated as WS LA.
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Table No. XIII, contd.

6, Experimental Corditions All plates were made in the Rockwell
furnace as described, using a protective gas atmosphere of dis-
sociated ammonia at a flow of 1.5 CA1, as indicated by a Rotameter
"flowmeter calibrated for air flow. The dissooiator is operated
at 1ý000 F with no provisions for testing gas for residual oxygen,
moisture, etc.

7. Temperature The initial temperature (same as nominal, previ-
ously reported) is the furnace temperature prior to opening the
front door and inserting the sample. To obtain a more uniform
average temperature, the procedure was standardised by placing
the samole into the furnace one-half minute after the circuit
breaker (for the heating coils) opens. Readings of the thermo-
couple in the gas space were -a de at two minute intervals and
averaged, It was noted that the average temperature for a given
series increased during the day; the furnace temperature was
lowered overnight and over weekends.

8. Sintering Time refers to the time after the inserting the
form into the furnace to the time it is pushed from the high
temperature zone into the cooling chamber, the latter generally
requiring about 20 minutes.

9. Results. The plates are examined and measured. Shrinkages
are calculated from the difference between the measured dimen-
sions and the specified form dimensions, and expressed in terms
of percentages of the form dimensions.

10, CaG.culated Resulots. These values are specifically indicated
so that it will be clear at a later date when it is proposed to
measure these values quantitatively by suitable experimental
procedures.

11. Apparent Sinter Volume represents the volume found by sub-
tracting the grid volume from the final plate volume. This
figure is important in expressing the porosity for comparative
purposes since it represents the actual porosity of the sintered
powder. It is obvious that the porosity of any plate can be
varied by changing the gpid weight and volume,



9. Appendix (Contd.)

Table Not XIII, contd.

12. Pore Volume. Subtracting the true volume of the nickel
powder, taken at a density of 9.6 g. per cc., from the apparent
sinter 'volume, see note 11 above, gives the pore volume directly,
The use of the density S.6 instead of the reported 8.9 g. per cc.

.gives a slightly lower pore volume and. percentage porosity. These
two values represent the range of values reported for nickel metal.
The use of the low value is justified on the basis of the reported
variations of density with various liquids related to the wetting
characteristics of the liquid, used for the determination. On the
other hand it is conceivable that a small proportion of closed
pores, useless for impregnation may be formed in the operation.

13. Plate Volume has been expressed in terms of a mixed unit,
sq. in-mm, as a result of exprossing area in sq. in. and plate
thickness in mm., both convenient, inasmuch as in terms of this
unit, the plate weights have been running about 1 gram, plus or
minus, and pore volume about 0.5 cc, plus or minus. It provides
a ready copparipoA for plates of various size an& an easy figure
for use in design.

14. Plate Storage. Aside from keoping the plates clean and un-
.contaminated, and catalog~iig properly, no special precautions have
been taken to keep in a dry or other special atmosphere up to the
time that the plates are impregnated with active mass.

15. Special Yotes. Tables No. VII-.I
(1) Beginning with Expt. No. 4 in each of the series MIl, FM2,

and Fl3, the lug cavity was filled with powder to prevent movement
of the grid during handling of the form.

(2) For the three piece form used, the cavity was filled to
0.0025 inch above the level to which the top or cover plate
descended on proper fitting of the cover plate. Beginning with
Sxpt. 2 in each series, the form with the green compact was in-
verted after assembly ard before sia± eringf



•. Appendix (Contd.) Table No. XIII, contd

15. Cont'd (3) Plate .1 3 -39 was made up with powder which had
been dried for 12 hours at 11000 in an Isotemp oven, cooled
and kept in a desiccator till used.

(4) Prior to sintering plate FM3-53 the protective gas atmosphere
was shut off and was inadvertently left off. Apparently the
residual hydrogen atmosphere was sufficient to prevent oxidation
of the nickel.

(5) Table No. IX,plates 129, 129, 130, 131, 132 and 134 were
made up with SW. mesh grids, the wire cloth being woven from
0.020 inch dia. wire. The pattern of spot-welding the wire
cloth was selected to give & rigid frambvwork. This use of
lighter wire results in a saving of 37N of the weight of nickel.

16. Special Notes, Table X
(1). Sample P23 represents a 1000 lb. lot shipment of carbonyl

nickel powder, received in four steel drums. P23-1 was the
sample shipped by the manufacturer, and stated to be representa-
tive of the entire shipment. P23-2, 123-5, P23-6, P23-7 repre-
sent grab samples taken from the drums for comparative purposes.
The differences in apparent density and shrinkage indicated the
need for careful bampling. P23-2 drum (Figure 2 indicates manw-
facturers' drum number) was quartered by means of a Jones riffle
to obtain a representative sample.

1T. Special Notes, Table XI
New spacers were provided at the start of FM3-152 due

to'wear of spacers by brass powder leveling tool. A steel cover
plate was also provided at this point to reduce or eliminate
this wear.

19. Special Notes, Table XII
(1 Beginning with 1113-203, the wire cloth grid was cut

somewhat larger, that is 3.5 x 3.5 inches, than used in the
previous runs as can be judged by the grid weights.

(2) Note decrease in time factor to 10 minutes
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S. Ayendix (cont.)

Table No, XVT

Atmospheric Impregnation of Negative Plates

Effect of Time from 1 to 6 hours at Room Temperature

Eeriment No Im 147A 147B 1470 147D 147E 147F
Date 1947 11/13 11/13 11/13 11/13 11/13 11/13

Record Vol. VIA' 0 I2 93 ý7 95 96
Plate Description S 440 ý29 423 389 3$7

Powder Type P-21-- -----------------
Grid SxSL------------------------ - -
Sinter Temp. OF 1700--- ------ ----------
Thickness mm 4.43 4.43 4.41 4.38 4,3g 4.42
Pore Volume cc 24.49 24.50 24.42 24.54 24.37 24.65
Volume, sq. in x mm 46.60 46.6o 46.3o 46.1o 46,1o 46.5o

Impregnation, Cycles 1 1 1 1 1 1
Solution Cd(NO7 )2 ....
Conditions Room temp -.-.-.- -.-----. - -- --
Time Hr. 1 2 3 4 5 6
Pressure Atmospheric - ------ - - - - -
Acidit y-Initial 3.5 6g.ln'03 /liter -...

Cathodic Polarization
Current Amps 21 21 21 21 21 21
Time Min. 30 33 32 33 34 27
Volts, Initial 1,70 1.74 1.b6 1.63 1.66 1,72

Final 2.12 1.96 1.98 2.10 2.16 2,24
Temp, Initial 00 109 99 103 99 105 106

Waahin Hr. 3 3 3 3 3 3
Drying Overnigh-it -.- . - .---.-.-.-.-
Results

Gain in Wt. Total g. 19,20 19o67 19.22 17.9 9 17,31 19.02
Equivalent Capacity A.H, 7.03 7.20 7-04 6,59 6,34 6.96
Unit G-ain 0o,74 0oS02 0.787 0,734 0.709 0.771

(g per cc Pore Vol)
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8. Aptendix (cont.)

Table No. XVII

Atmospheric Impregnation of Positive Plates

Effect of Time from 1 to 6 Flours at Room Temperature

Erperiment No Im 148A 148B 148 14nD l4sE 14Sp
Date 1947 11/13 11/13 11/13 11/13 11/13 11/13

-- Record Vol. VII 91 92 93 9)4 95 96
Plat-e Description S 422 44l 438 432 425 424

Powder Type P-21- - ------------------
Grir- j, x 9L ... .--
SUnter tempO 1700 - -.-.------ - - - - -- -

Thickness mm 4.46 4.44 4.45 4.44 4.46 44.4
Pore Volume c.c. 244.76 24.57 24-.57 2)4.40 24. 64 '24.6o
Volume, sqin x mm 46.9 46.70 46.g0 46.70 46.go 46.70

Impregnation, Cycle3 1 1 1 1 1 1
Solution (Ioý) •Conditions Root Temp -......-- --
Time Hr. 1 2 3 - 6.

Pressure Atmospheric Pressure - -- ------
Acidity-Initial 3.51g MNO /Liter-

Cathodic Polarization
Current Amps 21 21 21 21 21 21
Time ivan. 30 33 32 33 34 27
V•1ts, Initial 1.35 1.70 1.39 1.45 1.65 1.4o

Final 1.71 1.-85 1.76 1.$5 2.04. 1ig9
Temp, Initial 109 99 103 99 105 Io6

Washin, Hr. 3 3 3 3' 3 3
Drying - -Dried Overnight --- -----.
Results

Gain in Wt.-Total g. 13.40 13.69 14.69 13.07 14.93 15.38
Equivalent CapaCity A.H. 3.87 3.96 4.24 3.7z 4.29 4.44
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8. Appendix (cont.)

Table ITo. XVIII

Atmospheric Impregnation of Positive Plates

Effect of Time from 1 to 5 Days

E~xeriment No Im 147G 14711 1471 147J 147K 147L 1471
Date ..- 947--12/10 - 12/15
Record Vox. IX 39 39 -3 - 40 ------ 41
Plate Description S 261 270 287 308 309 349

Povuider N~o P21 ----- --.---------------- --- ----
Grid Type 8 x 8L- ...-.-------
Sinter Temp. r 1700- - ------------------
Thickness mm 4.25 4.5 4,5 4.3 4.3 2.2
Pore Volume cc 23.61 25,19 25.30 23X88 23.85 11.68
Vol, oq.in'x mm 44.7 47.3 47.3 45.2 45.2 23.1

Impregnation, cycles, To, 1 1 1 1 1 1
Solution "i(ITO 3). - -- -. -.-.-.---

Conditions Atmospheric Pressure - Rýoomi Temp,
Time Hrs. 24 24 48 48 120 120
Pressure Atm. Atm. Atm. Atm. Atm. Atm.
Acidity-Initial 4.03 g E0 3 per L-

Cathodic Polarisatirin
Current Amps. 21 21 21 21 21 21
Time MIin. 30 30 35 35 30 3o
Voltage-Init ial 1.85 1.85 1.6 1.6 1.7 1.7

Final 2.25 2.25 2,l 2.1 2.1 2.1
Temp - Initial 0C 107 107 102 102 107 107
Washing Hirs . 3 3 3 3 3 3
Drying Overnight

Results
Gain in Wt. Total g. 8.72 6.60 13.90 14.52 13,89 8.10
Equiv. Capacity AH. 2.52 1.91 4.02 4.20 *4.02 2.34



00 m CY)

I- H 00
O-N~

OHI I 0 0 -Ht

H 0 , 1 r - c
m-IH r-4 -4 r44 00

H. H ~ ~ t0 \J H \J0LC

0.b '10

*r
4

ý 0 1 1 4) H O
-IH02 C Inr 7 r - 1 .;-

1HH H1H HCiH .. tH

P P0
f 4 ) - jn UL

U-\ p'
H - u H 0C t 4C - ,

-~~~ ~ to4 HWo.

0 4
t> T I'D0

F: HHH~ HmI:

ej -H:i -

-4F H HHt H I 3P. H 1t1 L~ccu14: Ht rtH-,

E4 o-4 IFn H0
$4 H~ H- H 304N)Iý P I 0r0

0 F qr C 00 1-~ F:

Ht-- H ~~ H0 Ht~. .: **
0~ ~H

R - f H o -' . H 4 -) ý H L1. I'-
HHp 4I 0~4-I C\C'HCH y cuH

4-I 0 f\ 4- f

N~ 00)E
H H . 0 o H-

t) HH H- trwoo45Lc~ýA orr
$. r, - 0 o 4)4

4) 04 H- F::- l
'51 H H ) H, H CU rA ff) (D rr .

0L -t F:i F:ý E-HC H
o- - r- P4 H *r4 H c0n.4r

*--F:WH HF:0r 4)4

o F:0 -PHF
H .Hw 0 0:

-. , V . r., . . F

L0d H 04P cd F:f1-

4).4 rq:~~ H 0HI

0 0 -ri .. -H P, 0-HOn

0 4 j*, 0 E-4 P 40 -1 4' E-(1)o i
* ) H 4: EA [a
(D ýI IC~~4P ~-P 'l.1 ) t

H 0 I 0 V P Q -37r



S .... .... 8, p-poenclix (cont....) ...

Table No. XX

Atmospheric Impregnation of Positive Plates

Multiple Impregnations of 4 mm. Plates

Exoeriment No. Im 151A 151B 1510 151D 1515 15 L 151G
Date 1947 10/2 10/3 10/3 10/3 1o/6 10/6 1o/8

Re Vol.VII 26 27 28 29 30 31- 32
Plate Descrirtion S 335 344 345 352 353 354 355

Powder P-21 P-21
Grid 8 x 8-- -- ------------ - - - - --- 8 x 8L
Sinter Temp. OF 1700 ----------------------------- 1700
Thickness mm 4.29 4.29 4.32 4.32 4.3Z 4.29 4.27
Pore Volume c.c, 23.80 23.80 23.98 23.91 24.02 23.83 23.71
Volume sqoin x mm 45.02 45.02 45.40 45.40 45.40 45.02 44.90

Immregnation, Cycles No. 1 2 3 4 4 4 4
Solution Ni (TO )-2 - - IT- 1 - -T- (o3 )-
Condit ions Room "eimperature . - Bm.Temnp
Time H1r. 1 1 1 1 1 1 5min.
Pressure Atmospheric- ------------------ 5 mm Hg
Acidity-Initial 3-4 g. METO 3 /liter----------- 3-4g/L

Cathodic Polarization
Current Amps 21 21 21 21 21 21 21
Time Min. 36 30 32 25 30 30 32
Volts, Initial 0.97 0.99 1.00 1.16 0.95 1.01 0.96

Final 2.08 2.04 2.08 2.04 2.06 2.07 .2.12
Temp., Initial O 9 *3 93 93 93 94 93 .93

Washing Hrs. 3 3 3 3 3 3 3
•gy4ng Overnight --------------------- Overnight

Gain in `,t.- Total g. 8,93 15.13 21.60 26.96 26,31 26.30 28.90
Equivalent Capacity A.H. 2.58 4,38 6.25 7.81 7.62 7.6Z 8..36

Cgacity Test
Test Cell No. - " - 121 -- G-2

"Note: 151G is the-.Vacuum Control



Table No. XI

Atmospheric Impregnation of Positive Plates.

Multiple Impregnations of 2 mm Plates.

Exrer5iment _Th "Im 152A 152B 152C 152D 152E 152F 152G
Date 1947 10/2 10/3 10/3 10/3 0o/6 1O/6 lO/8

Record Vo/.VII P26 27 28 29 30 31 32
Plate Descrirtion S 318 320 330 336 340 346 359

Powdler P-21 --- ----------------- - --- P-21
Grid 8 x PL-------- ---- 88xSL
Sinter Temp. OF 1700 ..... -- .. ..- 1700
Thickness m.m. 2.26. 2.26 2.26 2.26 2.26 2.26 2.24
Pore Volume c*c. 11.85 11.79 ll80 12.00 11.91 11.97'11.77
Volume sq. in x mm 23.78 23.78 23.78 23.78 23.78 23,78 23.60

Imnregnat ion. Cycles No. 1 2 .3 '4 4 4 4
Solution Ni(N0) . .- -

Conditions Room Iemp -- -- --- --- Rm. Temp
Time Hrs. 1 1 1 1 1 1- 5 min.
Pressure Atmcspheric- ------- - 5 mm Hg
Acidity-Initial 3-4g HNO3/Liter 3-4g/L

Cathodic Po grization
Current Amps 21 21 21 21 21 21 21
Time Hin. 36 29 36 25 35 30 30
Volts, Initial 1,10 1.12 1.0e 1.21 Q.99 1.31 1.01

Final 2.26 2.08 2.14 2.25 2.28 2.19 2.16
Temp., Initial 0C 95 93 9Z 92 93 92 94

•'a hJi Hrs. 3 3 3, 3 3 3 - 3
"Overnight Overnight

Result s

Gain in Wt - Total g. 4.12 7'03 9.97 12.33 12.40 12.12 13.13
Equivalent Capacity A.R. 1.19 2.03 2.89 3.58 3.59 3.51 3.80

Cnciay.e. •
Test Cell - . . 96 G-1

"Wote: 152G is the Vacuum Control
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8. Appendix (contd.)

Table No. XXII

Atmospheric Impregnation of Positive Plates

Effect of Temperature - 1200 7

Experiment No. Im 153A 153B 1530 153D 153E 153F
Date 1947 i/14 11/14 11/14 11/14 11/14 11/14.

Record Vol.VII 97 98 99 100 i01 102
Plate Description S 419 420 421 436 437 442

Powder Type P-21-- - - ----- - -.-.- ---- - - .-
Grid At 8X --
Sinter Temp, or 170.0
Thickness mm 4.47 4.50 4.50 4.48 4.49 4.50
Pore Volume c.c, 24.62 24.91 24.95 24.64 24.83 24.68
Volume sq.in x mm. 47.00 47.30. 47.30 47.10 47.20 47.30

Impregnation Cycles 11 1 1 1 1
Solution N'i(NO3 ) - - - - -
Conditions Constani Temp. - 120OF --......-..
Time Hr. 1 2 3 4 5 6
Pressure Atmospheric - - - - - -- - - - -
Acidity-Initial.3-49. 3- O3 Liter. - , ........

Cathodic Polarization L
Current Amp s. 21 .21 21 21 .21 2l
Time Min. 30 30 34 30 35 30
Volts, Initial 1.59 1.63 1.61 1.59 1.50 1.6g

Final 1.91 1.99. 2.03 2.01 1.96 2.06
Temp, Initial 00 92 113 98 107 108 101

Washing Hr. 3 3. 3 3 3 3
Di Overnight- - --------------
Results

Gainoin Wt-Total g. 11.80 12.69 12.32 11.71 10.77 10.95
Zqui~valent Q•aacitY A.H,, 3.41 3.67, 3.56 .3.39 3.11 3.17
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Table No. X,4I

Atmozpheric Impregnation of Negative Plates

Effect of Time from ! to 6 hrs. at 120OF

•xperiment No. Im 1544A 154B 1540 154D 1544 1541
Date 1947 l/14 1i/14 ll/i14 11/4 11/14 ii/14

Record Vol.VII 97 98 99 100 10) 102
.Vlate Description S 388 395 397 496 430 439

Powder Type -P-21 - -.-.. - -
Grid i xL
Sinter Temp. OF 1700 -

Thickness mm 4.33 4.30 4.32 4.32 4.32 4.31
Pore Volume cc 24.04 23.81 23.92 23.70 23.91 23.69
Volume sq.in.=mm 45.5o 45.20 45.4o 45.40 45.40 45.30

Imregn ti.on ,Cyozes 1 y . 1 . 1
Soluti 01 d0(NO3 )2 ---
Conditions Constant Tempý - 120OF-----------
Time Hr. 1 2 3 4 5 6
Pressure Atmosphoric - -------- -- ------
Acidi.ty, Initial 3-. 4g, •fT0 3/Liter .....- -- ---

Cathodic Polari za'tion
(urrent .anps. 21 21 21 21 21 21
Time Nin. 30 30 34 30 35 30
Volts, Initial 1.66 1.57 1.64 1.69 1.82. 1.68

Final 2.10 2.09 2.13 2,22 2.39 2.18
Temp, Initial 00 92 113 98 107 108 101

Washing Hr. 3 3 3 3 3 3
Drji0_ Overnight - - ------------
Results

Gain in Wt.-Total g. 14..94 15.Th 15.52 15.46 15.56 16.35

qaui alent Capacity A,, 5.47 5.76 5.69 5.66 5.70 5.98
Unit Gain

g per cc Pore Vol 0.622 0.660 o.65o o.652 0.652 0.690
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8, Anendlx (cont.)

Table No. XXV

Vacuum Impregnation of Positive Plates

FM-3 Plaques from 1000 lb batch of Powder

ZIMMerirment I1. IM 157A 157B 1570 157D 157BD ate 1947 12/15 12/15 12/15 12/15 12/15
R Qcor Vol. IX 46 46 46 46 46PlatAe Deocritt ion FMT3 169 170 171 172 173

Powdler Type P-23-2
Grid Type 8 x -8L-
Sinter Temr. or 1715
Thick4ess m,m. 4.50 4.74 4.67 4.52 4.57Pore Volume c.c. 31.53 32.66 32.39 32.54 31.98Volume, sq.in.x mm 62.10 65.30 64.50 63.80 63.60

Im~regnat icn, Cycles No. 4 4 4 4 4
Solution Ni ( ) ---)2Condit ions Roem Merperature-----------
Time Min. 5 5 5 5 5Pressure 5-s mm Hg. - ......... .-.-Acidity-lnitial 3-4 g NO3!/L'ter-----------

Cathodic Polarization
Current Amps 28 28 28 28 28
Time I-Tin. 25-30 - -........Volts, Initial 1.20 1.20 1.20 1.20 1.20

"Final 2.10 2.10 2.10 2.10 2.10Temp, Initial 0C 106 106 106 106 106
Waslin9 Dr s 3 3 3 3 3

I1na Overnight ------.-- -- ----Resul__ t s.
Gain .n Wt - Total g. 36.04 38.85 38,53 36.76 38.26Eq4uvalet.t Capacity A.1. 10'.40 11.20 11.10 10.60 11.10



8. Apmpndlix (cont.)

Table 1To. XXVI

Vacuum Impregnation of Plates

Positive and Negative S Plates

Sxpt Plate Xeos Plate Cycles of Average Gain Theoretical
No S Thick Impregnation in Weight Capacity - A-H.
Im rm. No_ Total g Av. Max. Mine

Imoreanation to Pro0uce Positive Plates
165 399,401,402,

404,414 2 3 9.52 2.75 2.96 2.33

166 342,390,396,
398,408 4 3 22.11 6.40 6.76 6.21

167 400,394,384,
385,386 2 4 12.94 3.76 3.79 3.63

168 343,351,434
435,369 4 4 27.99' 8,09 8.92 7.67

Impregnat ion to Produce Negative Plates

169 337,338,347
356,358 2 3 15.82 5.80 5.95 5°78

170 409,427,428
431,433 4 3 38,83 14.15 14.53 13.21

171 317,326,327
328,329 2 4 19,35 7.08 7,42 6.95

172 410,415,416
417,419 4 4 45.36 16.56 17.78 15.81

Notes (i) Record. Vol VII, pp. 103-6; 11/17-11/20 (1947)
(2) All impregnations and polarizations, Including washing

and drying under usual stanclarc! cond4tions for
vacuum impregnat ion,
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8. A-Pendix (cont.)

Table ITo* XXVIII

Vacuum Impregnation of Positive Plates

F,-l, •Y-2, and. M-1-3 Plaques,

Expt Plate Description Number Average Gain Theoretical
No Type Plate 4. s of in weight Capacity -- A.H.
11 Plates Total g. Average j,,ax, .an.

162 PM-1 3-21 18 29.57 8.55 9.01 8.11

163 EM-2 2-19 18 33-99 9.83 10.74 8.70

164 E1v-3 3-114 104 37.81 10.91 12.44 9°,06

164 1 * 10 39.99 11.56 11.93 11.22

164 ** 5 40 31.84 9.23 9.41 8.78

Notes (1) For description of plates, see Tables VII, VIII,
and IX.

(2) All plates were impregnated for 5 minutes in vacuum
in nickel nitrate solution at room temperature.
The cycle was repeated four times, except as noted
below. Cathodic polarization was under the usual
conditions with the 255 1OH solution heated to an
initial temperature of 90-100o0. Current density
averaged 1 amp. per sq. in., counting both sides
of the plate. All plates were washed in cold.
running water for 3 hours and dried ovornight.

(3) Beginning with the P1A-2 plates, the 5 cell electrolysis

apparatus was used and the number of plates impregnated
in one step was increased to five.

(4) Record, Vol. VII 38-86, jX 4-6.
"*These plates impregnated five times.

,* H it H tb-ree times only,
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8. Ajooendix (cont.)

Table No. XX2X

Vacuwum Impregnation of Porous Graphite P*ates

Ehxperiment No. Im 16UA 161B 161c 16u1n 1612 1612
Date 1947 12/29 -

Record Voi.IX 49-50------ --------
Operator R.R. -

Plate Description ITo A-12-1 50-1 40--1 D-30-1 Z-12-1 B-20-1
NTational Carbon Co porous graphite
plates, machined to size, 4 x.3 x 0.25
inches from st'andard stock.

Pore Diameter micron 33 48 69 99 140 140
Pore Volume * cc 24.51 24.96 25.66 26.00 26.96 26.96
Designated Grade NO 60 50 40 30 20 20

Impregnation, Cycles 11o 4 - -

Solut ion iMi :Tibrate ............ .....-.. ..

Conditions Room Temperature, 6 - 9 mm Hg Pressure
Time YlIn 5------- --- - ------------
Acidity 3- 4 g Mý03 per L-

Cathodic 1.olarizeation3 4.gil0peL
Current amps 24 ------

Time min 30- - ------------------
Volts, Initial 1.7----- - - - -

Pinal 2.2- ....-...-.----------- - --

Temp., Initial ?C 106
Washin4 hrs 3 -- - -- ---------------

Drying Overnight ----------------------.. - -
Results

Gain in Weight
1st Imp;regnation g 7,'10 6.27 5.78 5.54 6.03 5.03
2nd $ g 5,97 7.81 5.78 4.99 5.07 4.91
3rd g 3.38 6.83 7.67 6.26 4.89 5.06
4th g 1.58 7.49 4.82 5,31 6.12 4.55
Total 18.03 28.40 Z4.05 22.10 22.11 19.55

Unit gain
g per cc of Pores 0.736 1.138 0,938 0.851 0.820 0,727
% by volume 18.2 27.7 23.1 20.7 20.0 17.8

Note * Calculated, assi=mng density of graphite to be 2.20
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8. Ap oen&i (cont.)

Tp~ble N\o. X=XZ

Atmospheric Impregnation of Positive Plates

J.1ffect of Immersion for 1 and 2 days

__xeriment 1'o Im 160A 160B 1600 16oD
Date 1947 12/17 12/17 12/18 12/1.8

Record Vol. IX 50 50 50 50
Plate Descrit ion 1514-3 165 166 167 168

Powder Type P-23-2 P.-23"-2 P--23-2 P-23--2

Grid if 8 x 8L 8 x 8L 8 x 8L 8 x 8L

Sinter Temp.. or 1715 1715 1715 1715
Thickness mm 4.47 4.50 4.42 4.34

Pore Volume cc 31,90 31.85 31.28 30-56

Volume sq.in.x mm 62.60 62.70 61o70 60.50
mýregation, _ e o. 1 1 1 1I
Solution q i(N03 )2 Ni(N03 ) 2 iT'("TO3) 2  i(IT03 )Z
Conditions Room Temperature Room Temperature

Time Hr. 24 24 48 48
Pressure Atmospheric Atmospheric

Acidity-lnit te,1 3-4g7iY03/L 3-4kg HI03 /L

Current Amps 28 28 28 28
Time Min. 30 25 25

Volts, Initial 1.85 1.85 1.90 1.90
.inal 2.10 2.10 2.10 2,10

Temp., Initial oC 103 103 104 104
Washing Hrs. 3 3 3 3
,inr Overnight Overnight

Result_-
Gain in Wt - Total g. 22.25 22.58 20.43 25.85

EqiIvalent Capacity A.H. 6.44 6.53 5.91 7.48
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8. Append~ix (cont.)

Table No. XXXII

Drying of Positive Plates

Variation with Cycles of Impregnation

Plate Impregnation Cycle Water Mi(O42 - ~ Pore Vo-liume
No. Data ]o. ketainea Vol Found CaloIcd

(g)or(cc) c.c. c.C. c.c.
FM-3 (Note 41) (1Tote 42) (Note +3)
169 5 Min.Vac,Pos,4x i 27.0 2.32 29.82 31.52

2 24.2 5,15 29.35 31.52
3 22.9 7.63 3).53 31-52
4 20.2 8.80 29.00 31.52

170 1 27.9 3.1 31.01 32.66
2 25.8 5.58 31.38 32.66
3 23.4 8.13 31,53 32.66
4 21.4 9.48 3Q.88 32.66

171 V. 1 2714 2. 92 30.39 32.39
2 24°8 5.50 30-30 32.39
3 24.2 7.88 32.08 32.39
4 20.8 9.40 30,20 32.39

172 1 26.9 2.88 29.78 '32.54
2 24.8 5.-25 30.05 32.54
3 22.6 7.68 30.28 32.54
4 20.3 8.96 29.26 32.54

173 1 26.6 2.98 29.58 31.98
2 25.2 5.36 30.56 31.98
3 23.5 7.80 31.30 31.98
4 20.8 9.34 30.14 31.98

Note #l Difference in weigIht off plate upon removal from washing
process, and. upon removal from drying cabinet.

Note #2 Calculated from net gain in weight of plate, wsing
density of Ni(OE) 2 as 4.10 g/co.

Vote #3 Sum of columns I and 2.

-



S. Appendixc (.contd.)

Table Yo. X=II!

Drying of Negative Plates

Variation with Cyclcs of Impregnation

Plate Impregnation Cycle, Water Ni(OW)2  Pore Volume
No, Data No. Retained Vol Found Calc'dd

(g)or(cc) c.c. c.c. c.
_ _ (Note -il) (Note #2) (Note #3)
1 5 Min.Vacmeg,z 1 26.7 3o89 30.59 32.07

2 23,6 7.52 31-12 32,07
3 19.8 1u 47 30o27 32.07

16,4 12o64 29o04 32o07
175 1 217.3 3.76 , 3loO6 31.91

2 23.1 7.33 30.43 31.91
3 19.5 10o37 29o87 3l.91
S155 12.o3 28.13 31.91

176 1 26,,7 3.83 30-53 32,22
2 23.8 7.49 31.29 32,22
3 19.8 lO6b3 30°.43 32,22
4 16.2 12.39 28,59 32o22

177 1 27.8 3.89 31,o69 32 90
2 23.9 7.63 31.53 32,90
3 20.0 10.80 30MO 32o90
4 16,9 12.22 29.12 32.90

179 1 27.0 3.53 30!.53 31.93
2 23.5 7°05 30.55 31.83

19,6 10,11 29.71 3!93
16.8 11,64 28.44 31.83

Note #1 Difference in weight of plate upon removal from washing
process, and upon removal from drying cabinet.

Note #2 Calculated from net-gain in weight of plate, using
density of Gd(OH), as 4.79 g/0,c.

Note #3 $um of columns 1 and 2,

I -86-



8. imendix (ContsQ)

Table No. XLXIV

Notes to Tz'.bles XIV to XXXIII on Impregnation.

1. Atmospheric !rgnaion. The impregna.tion prQcess covers the steps
of immersing a plaque in a nickel or cadmiza salt solution, cathodic
polarization in caustic solution, wcashing and. drying. These steps con-
stitute a cycle of the impregnation process which introduces nickelous
or cadmium hydroxide into the plaque. The atmospheric L.regnation refers

S.. to the immersion of the placue in a nickel or cadmium salt solution and
-maintaining it in the solutioni for a specified period, In the vacuun
process, on the other hand, the plaue is first placed in a suitablevacuum vessel, the system is evacuated to bout 5 or 6 mm. Hg pressure6,
and. the nickel or cadmium salt solution is introduced, The system is
maintained at the vapor pressure of the solution for the desired period.
The valume of solution for the atmospheric impregnations varied from
0,5 to I liter in compsrison to a volume of 1.5 liters in the vacuum
impregrnat ions.

2. Electrolysis Apuaratus. To permit a speeding up of the experiment6
on impregnation, a new apparatus was set up permitting the cimultaneoun
electrolysis of five plates in one operation. The apparatus consisted. if
five nickel cans connected in series with the source of d.c. current.
The cans were set into a suitable supporting tray, which was placed next
to a nickel can in which the caustic electrolyte could- be heated to the
desired. temperature and. whi.ch could be tilted. to fill the five electrolysis
cans simultaneously. The procedure was to transfer the plates from the
impregnation apparatus to the individual nickel cans as auickly as pos-
sible, making the electrical connections, and then filling with electrolyte
from the tilting reservoir. This unit was put into operation on October
23rd, and a second. unit added. when the first one was found to be convenient
and satisfactory for this process.

3. Plaques. All pl-oques used in the experiments reported herein, were
made from light carbonyl nickel powider as described in the Discussion
un-ler Sintering, except for those in Table No. XXX which were porous
graphite plaques obtained, from National Carbon Co.

-
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8. Appendix (Contd.) Table XX=T (contd.)
4. Impregnation at Constant Acidcitý. Table XIX. Expt Im 149, The amount

of acid consumed djuring the impregnation process was estimated from a
trial curve showing the change in acid, content wi'th time. For this ex-,
periment, five plates were immersed: in the nickel nitrate solution in the
bowl of a desiccator, provided writh an agitator, and. a nickel nitrate-
nitric acid solution containing 100 g EN03 per liter added from a burette.
Since the trial curve showed a greater rate of consumption during the
initial portion of the immersion folliwed by a slow consumption and then
by a second period of- increased. consumption, the schedule of adding the
acid nickel nitrate solution was ma.de as followst

DBuring !st 10 minutes 25 ml
it middle 40 minutes 25 t'
" last 10 minutes 22.4 ml.

This experiment showed. an increase in acidity over the average initial
acidity. In Experiment IM 150, the acid nickel nitrate-solution was
added at a steady rate of about 1 ml per minute. Acidity was checked. at
ten minute intervals.
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9. Aýpendix (contd.)

Table No, _XW

Test of Cells with Pocket Type Positive and Negative Plates

Test Rated Capa'ity Electrolyte Cycl es Capacity
Cell Positive Negative Standard AýHF
No. AoH. A*H. KOH,& 1.20,Plus No Average High o

T

87 2 8 X2SC4 (satd) 22 2. 27 2°67 I S3.
88 4 4 17.5 g/l 22 4.49 5.41 3.67
89 2 $ KC1 22 2,27 2.67 loS3
90 4 4 15o0 g/L 22 4o39 5-25 3.58
91 2 X K2 00 3  22 2. 27 2.67 1o83
92 4 4 14.o g/L 22 4.o01 5M00 3o17
93 4 4 Standard 29 4.42 4.57 3.67

110 8 4 Standard 29 6.03 7.17 3.83
123 8 9 Standard 8 7T46 8:33 6,oo
106 9 4 " 20 6,03 7.25 4.25
"if if it it *36 5o64 7.25 4o25

107 2 16 20 2,31 2.67 1#83
it It *36 2.18 2.67 1.75

Note • inclides first 20 cycles, immediately above.

IJ



8. Appendix (contd4 )

Table iTo. X2XXVI

Test Cells of Vacuum Impregnated Positive o4-3 Plates

Test Cell No T 98 99 125
jLm-egnat ion Data
Table No XXUVIII -
Experiment No Im 164------

Plate NTo Z1-3 22 23 24
Plate Thickness mm 4.50 4.34 4.37
Conditions
Gain in Weight g 38,84 36.89 37.24,
Theoretical Capacity A.H. 11.23 10i,67 10.77

Test Cell Assembly Pocket .7egatives
Rated Capacity A.H, 9.2 8 16
Testing Results gn *•Elapsed Discbarge Capacity

Cycle Yo Date Current Duration Input Time Current to 1,0 7olt
1947 Ampsý hrs AH. Firs. Amps A.H, A.H: A.H,

1 11/5-11/7 1 39 39 0 2-2.5 9.61 8,52 8o75
2 1,1/7-11/12 1 19 19 96 2 8.86 8.12 8.62
3 11/12-11/13 2 15 30 2,5 3 9.69 8.59 9.0
4 11/13-11/14 2 15 30 5 4 9.66 8.40 9.0
5 11/14-11/17 0.5 63 31.5 0.25 2 9.50 8.82 9°02
6 11/17-11/1.8 1.5-2 8.5 14.5 7 2 8.94 8.16 8,54
7 11/19 2 7 14.0 0,5 2 9.50 8.54 8.86
8 11/20 2 7 it 9.10 8.32 8,74
9 11/21 U U 3 9,00 8.25 8.55

10 11/24 16 4 8.68 7.68 8,,20
11 11/26 0 4 9.48 8.44 9.08
12 12/3 o.5 4 8.68 8.00 8.32
"13 12/4 UU 10 5.44 1.33 3.50
14 12/5 10 5.00 1.67 3.50
15 12/9 1.5 U 10.5 it 2 8.26 7.66 8.26
16 12/10 i I U I 2 8.34 7,94 8.34
17 12/12 2 i 14.0 11 2 8.87 8.40 8.87

Note (*) lapsed Time indicates time between end of charging and start of
Sdischarge.
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8. Ajpenc3ix (contd)

Table 17o.XXXVII

Test Cells of Vacuum Impregnated NTegative Plates

Test Cell ITo T 101 l92 103 104 105 86 1]09
Im__eqnat ioi Data
TableO-9/53747 Report M-I - .XXI.I
7bperiment I~o Im 82 83 87 88 90 115 -16Plate No S 235 231 243 223 245 250 25:1

Plate Thickness mm 2.26 2.21 2.33 2.i5 2.26 2.24 2.30
Conditions Vacuum - 5 mitrates-------------
Solution ci Chloridie - - -C *-- - - Oa -Titrate
Temperature . Room - -- _- - -
Xo. of Cycles 1 2 2 3 4 1 -...

Gain in Weight g 5.2 8.8 9.2 12,7 18.5 5.81 6.31Theoretical Capacity A.11. 1.90 3.22 3,36 4.65 6.78 .2,13 2.31
_Test _ el3 A• -emby.- Pocket Positives--------- --- - - -

Rated Capacity A., 8-- S - ------ --------- --- 4 8Tetig Re su.l

N1o of Cycles 29------------- ----- - 22--..
Capacity
Average A.,L. 1.27 2.45 2°49 3.44 5.02 1.74 1.83
Righ A.H, 1.58 2.75 2,83 4.00 5M83 2.17 2.25Low A.4i. 1.00 .2,17 '2.25 3.00 4.58 1,58 1.58

Coeff of Utilistion 5 66.9 76.1 73.8 '74.0 74.! 81.7 79.3



Table No. XXLVIII

rest Cells, including all-sintered plate Batteries

Test Cell lio. T 95 108 115 74-105 86-18-50
Impregnation Data Positive Plate Only-----------
Table No. 9--3547 No. XVII, XVI, XIX 6-30-47, XXXV
Fxperiment No. Im !17 18 62 96 23
Plate Thickness mm. q +,28 - - 4.73 14.28- *(4) 4.27
Plate No. S 310 311 184 267 57
Conditions
Temperature 00 28-25 Room 99 20
Pressure Vacuum - - --. Atm Atm
Time min 5 5 5 30 20 hrs
No. of Cycles 1 1 10 1 1

Gain in Weight g 7.34 7.22 50.4 16.44 13.5
Theoretical Capacity A.H. 2.12 2.09 14,6 4.76 3.91

Testing Cell Assembly
Pocket Negatives
Rated Capacity A.H. 4Z 16 16

$intered Negatives No S245 SIS7 S250
Theor. Capacity A.H. --------------- 6.78 5.81 2.13

Testing Results

No. of Cycles 22 22 19 19 19
capacity

Average A.H. 1,56 1.56 8.92 3.76 5.16
High A. H. 2.00 2.00 11.33 4.08 5.75
Low A.H. 1.33 1.33 6.67 3,50 .64

Coeff. of Utilisation o 73.6 74.7 61.1 78,8 132

Notes (1) T 14-105 has the positive plate from T 74 combined with the
negative -plate of T 105.

(2) T g6-19-50 has positive plate of T 18 combined with
negative plates from T 50 and T 96.

(3) A41 plates in T 74-105 & T S6-18-50 had been cycled previously.
(4) This plate was made from Ineo #2, heavy powder.

i
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8. Appendix- (contd.)

Table No. U0XIX

Testing of Capacity of Cells

Effect of Sintering Time in Making Plaque

Test Cell No. T so 91 92 $3 94
FlsaogL Data,
Plaque No. S 21$. 219 220 221 222
Sintor Time min 10 15 ?0 25 30

I regnation Data
Table No. - 9730/47 Report XVIIi---
Plate Thickness rm. 2.19 2.03 1.96 1.94 1.85
Conditions Time, 5 minut-es- ------------
Solution 507o Ni Nitrate --------
Temperature Room----- ---------------

* Press-are Vacuum- - ----------------
No. of Cycles 3---------- -----

Gain in tt. g 11.1 9,5 9.1 895 9.7
Theoretical Capacity A.1i. 3.21 2.74 2.63 2.46 2.51

Test Cell Assembly Negative Pocket Type
Rated Capacity A.H. 8 .......--------------- - - ---

Testing Results
No. of Cycles 22
Capac it y

Average A.H. 2.71 2.47 2.25 1.99 2.Q5
High A.H. 3.25 3.00 2.75 2.50 2-50
Low A.H. 2.50 2.25 2.00 1.83 1.$3

Coeff of Uttlisation b 84.7 90.2 $5.6 90.8 81.7
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8. Appendix (contd.)

Table No. XXXXI

Testing of Positive Plate Capacity

Effect of Atmospheric Impregnation at Zievated Temperatures

Test Cell 14o. T 64 65 66 67 6s
Impregnation Deta
Teble No. - 9/30/47 Report XIX ---------- XX -----------

Experiment No. 95 97 99 107 109
Plate No. S 262 263 264 283 2g4
Plate Thickness mm 2.19 2.19 2.19 2.19 2.19
Conditions
Solution, 7 Ni(NO3 )2  6o0 - ---- 50----
Temperature 0O 990........................................
Pressure Atmospheric- - --------------
No. of O-cles 1 -.-.- - ----- --------- - - ---

Gain in 4oight g 8.1- 9.21 li.16  5.24 6.58
Theoretical Capacity A.H, 2.36 2.66 3"23 1.ýl 1.90

Test Cell Assembly
Pocket Negatives
Rated Capacity A.H. 8----------------------------- - -

Test ip Results

No. of Cycles 22- - -- -----------------
Capacity
Average A.H. 1.87 1.96 2.74 1.14 1.69
High A.H. 2.08 2.08 3.25 1.33 2.08
Low A.H. 1,59 1.58 2.33 1.00 1.50

Coeff. of Utilisation % 79.3 73.7 84.9 75.6 89.0
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Table No. LaXII

,V Testing of Positive Plate Capacity

Effect of Multiple Cycles o(f- Atmospheric Impregnation

Test Cell Noý T 90 G-1 95 121 G-2 122
Iaprejation Data

Tasble No. zI XX - .-

Experiment No. Im 152D 152E 152G 151D 151F 151G
Plate No. S 336 340 359 352 354 355
Plate Thickness mm 2.26 2.26 2.24 4.32 4.29 4.2 9

Conditions
Temperature Room- - ----------------
Pressure Atmospheric Vac Atmospheric Vac
No. of Cycles 4 --

Gain in Weight g 12.33 12.40 13.13 26.96 26.30 28.90
Theoretical Capacity A.H. 3.58 3.59 3.80 7.81 7.62 8.36

Test Cell Assembly
Pocket Negative

•ated Capacity A.H. 4 -- 4 8 -
Sintered Negative Plate No. - - 292 - -.. 321 --

Theoretical Cappcity A.H. - - 6.o6 - -. 12.58 - -

Testing Results
No. of Cycles 18is ------------------- 19 18
Capacity

Average A.H. 2.99 2.95 3.13 6,54 6.27 6,70
High A.H. 3.17 3.33 3-33 7.08 7X00 7.33
Low A.H. 2.70 2.08 2.85 6.12 5.71 5.83
Coeff of Utilisation % 83.8 82.2 82.4 93.9 82.3 80.1
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Table No, XXXXIII

Testing of Negative Plate Capacity

Effect of Multiple Cycles of Atmospheric Impregnation

Test C0ll No, T94 T117 T116 Tl18 T119 T120
Impregnation Data
Table No XIV xV - --
ETeriment No. 141 143 133 146 144 134

Plate No. S 305 306 295 333 332 322
Plate Thickness mm 2.0 2.2 2.1 ý.O 4°3 4.1
Conditions
Temperature Room
Pressure Atmospheric- - ---------------
Cycles No. 2 2 3 2 .2 3

Gain in Weight g 12.59 12.40 17.02 26.57 26 .59 34.8
Theoretical Capacity A.H. 4.61 4.54 6.24 9.74 9.74 12.7

Tesb Cell Assembly
Pocket Positives
Rated Capacity A.H. 4 S 8 S 9 9

Testing Results
No. of Cycles 1i 1i 17 16 17 18
Capacity

Average A.H. 4.16 4.34 5.25 6.46 6.35 6.9x
High A.H. 4,58 4.75 6.00 5.09 7.L3 9.0s
Low ._H. 3.70 3.75 4.93 5.09 5.o4 5.09

Coeff of Utilisation % 90.3 95.5 s4.3 66.5 65.3 53.5

"-97-


